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LETTER OF TRANSMITTAL. 


U. S. DEPARTMENT OF AGRICULTURE, 
BUREAU OF SOILS, 
Washington, D. C., June 24, 1907. 

Str: I have the honor to transmit a manuscript entitled Fertility 
of Soils as Affected by Manures, by Frank D. Gardner, in charge of 
Soil Management. It embodies the results of a uniform scheme of 
manurial treatments, as measured by the resulting increase in plant | 
growth on soils collected from 220 fields in 23 States, located in the 
eastern half of the United States. 

The increasing use of manures, and especially of commercial 
fertilizers, by the farmers of the United States is sufficient justifica- 
tion for careful investigations as to the relative efficiency of various 
forms of manures on different soils. You will find here a vast amount 
of data, treated in a manner commensurate with the importance of 
the subject. It should be of great value to all who are interested in 
the use of manures. | 

The manuscript has been gone over carefully with Assistant Secre- 
_ tary Hays, who concurs in my recommendation for its publication 
as Bulletin No. 48 of the Bureau of Soils. 

Respectfully, 
ae Mitton WHITNEY, 
Chief of Bureau. 
Hon. JAMES WILSON, 
Secretary of Agriculture. 
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to Agriculture and Physiology, 


FERTILITY OF SOILS AS AFFECTED BY MANURES.’ 


INTRODUCTION. 


The use of manures as a means of increasing the growth of crops 
dates back to ancient times. At the time of the discovery of America, 
the North American Indians used dead fish as a manure for corn. 
The Peruvians have used guano since the beginning of their recorded 
history, and the Chinese have long recognized the value of all kinds 
of excrements as fertilizers. In the early part of the last century 
De Saussure established the existence of the mineral constituents of 
the soil in plants, and while he believed that they were essential to the 
life of plants, his contemporaries regarded them as nonessential, 
or at the best useful only as a kind of stimulant. 

Justus Von Liebig, as a result of his investigations, published in 
1843 a new edition of his notable work, ‘‘Chemistry in its Application 
’? in which it may be said he laid the 
foundation of the celebrated ‘‘ mineral theory”’ of agriculture. 

Prior to the time of Liebig the use of manures and fertilizers was 
purely an art, the beneficial results of which had not been satisfac- 
torily explained. Liebig’s mineral plant food theory, apparently 


* so ample, and in time widely accepted, attributed the beneficial 


effect of fertilizers solely to the plant food constituents which were 
supplied to the growing plants, and thereby laid the foundation for the 
compounding of fertilizers to meet the needs of soils and crops. 
There soon sprang into existence a soil chemistry which had for its 
object an investigation of the stores of plant food in soils with a 
view to ascertaining the agricultural value of lands, as well as the 
character and amount of fertilizer, if any, that would give the largest 


net crop income per acre. It was soon learned that the soil con- 


stituents existed in various forms or compounds not all of which 
were available as plant food, and this led to a study of mexpensive 
methods of determining the available constituents, a study which 
has formed no small part of soil chemistry even down to the present 


_@A comparative study of the fertility of the soils of the central and eastern United 
States, as influenced by manures and fertilizers and measured by the paraffin-pot 
method. 
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time, with little indication that a method will ever be devised that 
will prove universally satisfactory for all soils and crops. 

So far as can be gleaned from the writings of soil investigators, only 
within recent years have any considerable number of them come to 
realize that there is no definite relation between the available plant 
food constituents of soils, as determined .by mineral analysis, and 
their crop-ylelding capacities. Neither had they arrived at that 
further realization that the crop-yielding capacity of a soil is 
dependent upon a complexity of factors, any one of which may be 
dominant, but all of which are concerned in large or small degree. 

Arable soils contain the organic remains of previous crops together 
with excretions produced during their growth and are also filled with 
living forms. Their bacterial flora is diversified and the activities 
and processes which take place within the soil, physical, chemical, 
and biological, are exceedingly complex, and at present but imper- 
fectly understood. It is the sum total of these activities and their 
products that determines largely the fitness of a soil for plants, 
rather than the variation in the character and composition of its 
mineral matter. While manure and fertilizers may often increase 
crop yields as a result of a direct supply of plant food or as a 
stimulant to the plants, there is now abundant evidence that their 
effect is rather the result of a direct action upon the soil, thereby 
changing its relation to plants. Complex and imperfectly under- 
stood as is this action, it is a more satisfactory explanation of the 
benefits derived from fertilizers than the idea that the inconsequential 
amounts of nitrogen, potash, and phosphorus applied, as compared 
with the larger stores of those elements already in the soil, should 
be directly responsible for such marked increase in growth as fre- 
quently follows the application of fertilizers. 

The prime object of manuring the soil, whether with stable manure, 
green manure, or commercial fertilizers, is to Icrease its crop- 
yielding capacity, and in order to justify the practice the resulting 
increase in product must be more than enough to offset the cost of 
the fertilizers ‘applied. That is to say, the beneficial effect on the 
present and succeeding crops must be sufficient to compensate for the 
cost of the fertilizers and give a profit on the capital so invested. 

The first noteworthy use of commercial fertilizers in the United 
States was in 1848, during which year there was imported 1,000 tons 
of guano. This was followed the succeeding year by twenty times 
that quantity, after which date the importation steadily increased 
until 1880, when it reached its maximum and began to fall off because 
of a failing supply. Other materials, notably sodium nitrate from 
Chile and the potash salts from Germany, have taken the place of the 
failing supply of guano, and these, together with the development of 
our phosphate mines, the use of cotton-seed meal, and the utilization 
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of slaughterhouse by-products, have met the continually increasing 
demand for commercial fertilizers by our farmers. According to our 
census reports, the expenditure for fertilizers in the United States 
in 1880 was $28,500,000. ‘Ten years later it was $38,500,000, and in 
1900 it reached the significant sum of $54,750,000. There seems 
little doubt that this rate of increase in the use of fertilizers will 
continue for some time to come, and the subject is one of sufficient 
national importance to justify careful investigations. 


OBJECT OF THE INVESTIGATION. 


. The object of this investigation is not for the purpose of explaining 
how fertilizers act nor of studying the relation of the composition of 
the soil to the beneficial effect of the fertilizer when applied to it, 
but rather to compare the effects of several high-grade standard 
fertilizer ingredients, lime, stable manure, and cowpea vines when 
applied under like conditions to a large number of soils, collected 
from widely separated areas and representing a wide range in soil 
texture, type, origin, and crop adaptation. By making a comparative 
test of a large number of soils it was thought that there might be 
established a relation between the manurial requirements and the. 
origin, formation, type, or crop adaptation of the soil. 

While there has been recorded in agricultural literature, in the 
aggregate, a large number of field tests of fertilizers on a great variety 
of soils, representing nearly every State in the eastern half of the 
United States, it is impossible to make a satisfactory comparison of 
the results obtained, because of the innumerable details in which the 
conditions of the tests do not agree. The variation in the amount, 
class, kind, and composition of the fertilizer used, the time and 
manner of its application, the test crop used, and the weather condi- 
tions which prevailed form such a wide range of possible combinations 
that it is rare to find two tests that are strictly comparable. 

In the present investigation the same variety of wheat was used 
throughout as the test crop, and all of the conditions for growth, 
excepting the manurial treatments to be tested, were maintained as 
nearly uniform as possible. With the same fertilizer ingredients, in 
like form and used in the same combinations, for a crop common to 
all, the results obtained from this large number of soils are strictly 
comparable, and far exceed in number any similar tests that can be 
brought together on such a basis. 

Mention should also be made of the fact that all tests reported in 
the following tables under areal surveys—and they constitute fully 
four-fifths of them—were made for the further purpose of gaining 
practical knowledge concerning the manurial requirements of the 
principal soil types as established by the soil survey parties and with 
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the ultimate object of determining what manures or fertilizers would _ 
give best results on the soils. The results of all such tests are reported 
in general terms in the soil survey reports for the respective areas in 
which they occur. 

THE SOILS. 


The soils tested in this investigation, 220 in number, represent 90 
types, half that number of soil series, and many geological forma- 
tions. The samples were taken from twenty-three States, extending 
-from the Mississippi River to the Atlantic seaboard and from Rhode 
Island to Texas. With the exception of a limited number of mis- 
cellaneous samples, the greater number were collected from areas 
that were in process of being surveyed by the Bureau of Soils dur- 
ing the summer of 1905, and the following winter, and are representa- 
tive of the soils of those areas rather than the vast expanse of country 
included in the twenty-three States above mentioned. Each sample, 
being a composite, made up of fifteen or twenty small samples, taken 
from different parts of the same field, is representative of the field from 
which it is taken as well as the type which it represents. The sam- 
ples were placed in strong grain bags and shipped to the Bureau's 
headquarters, where they were at once transferred to covered gal- 
vanized iron cans for storage. In this way the original condition 
and original moisture content were, as far as practicable, maintained 
until they could be tested. This is important in relation to the test, 
for it has been found by experience that as a result of long storage 
and resulting air-dry condition soils become more productive and 
are usually less responsive to fertilizers than when such a change is 
prevented. | 

THE METHOD. 


The paraffin-pot method, described in Circular No. 18 of this 
Bureau and in the appendix to Farmers’ Bulletin No. 257 of tho 
United States Department of Agriculture, was employed in these tests, 
and while it is not designed to supersede field tests, results obtained 
with it, when compared with results obtained on the same soils at 
the agricultural experiment stations in Rhode Island,? New York, 
Ohio,? Iowa, Missouri, and North Carolina, show that it will indicate 
the manurial requirements of soils for general farm crops with a fair 
degree of accuracy. It is also admirably adapted to an investigation 
of the character described in the following pages. 

The soil to be tested is thoroughly pulverized by crushing all lumps, 
and if containing stone or gravel this is removed by sifting. The 
sample is then thoroughly mixed and equal amounts weighed into 


«See Bul. 109 of the Rhode Island Expt. Sta. 
6See Buls. Nos. 167 and 168 of the Ohio Agricultural Expt. Sta. 
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granite-ware pans, where they receive their respective applications 
of manure or fertilizers and are made up to their optimum water 
content with distilled water. After remaining in the pans for about 
a week, being occasionally wet with distilled water, and frequently 
stirred in order to secure a thorough incorporation of the fertilizer 
and a good soil condition, it is ready to pot and plant. Five small 
Wire-gauze pots are used for each treatment. About 350 grams of 
soil is then placed in each pot, uniformly packed, and planted with ' 
six selected germinated kernels of wheat, after which the pots are 
dipped in melted paraffin, which not only forms an intimate contact 
with the soil but makes the pot water tight. The soil is then cov- 
ered with a thin layer of washed quartz sand and the pot and con- 
tents weighed and weight recorded. The pots are next placed in 
trays and given a favorable exposure in the greenhouse for three or 
four days or until the plants attain a height of about 14 inches, at 
which time the pots are sealed. The sealing consists of covering 
the tops with paraffined paper disks in which are slits through which 
the plants grow. The disks are sealed to the sides of the pots by 
means of melted paraffin. The loss of water by direct evaporation 
from the soil is in this way reduced to a negligible quantity. 

During the growing of the plants, which usually continues from 
eighteen to twenty-one days from the date of sealing, the pots are 
weighed at intervals of two or three days and watered with distilled 
water in order to retain a favorable moisture content for plant 
erowth. By this method the loss of water or the amount transpired 
by the plants may be ascertained periodically, and at the end of the 
experiment the total amount of water given off through the plants 
of each pot obtained for comparison with the growth and green 
weight of the plants, which is ascertained by cutting and weighing 
the plants at the time the experiment is concluded. All conditions 
of the experiment are so carefully controlled that the average result 
of five pots rarely differs more than 5 per cent from the average 
result of any other five pots that have been treated throughout in 
precisely the same manner (see Table I). Differences which occur 
beyond this amount may therefore safely be attributed to the different 
manurial treatments which have been given. This method has 
several advantages over the growing of plants in open and porous 
pots. The method of coating the soil with paraffin prevents any 
accumulation of roots between the soil and the receptacle, a trouble 
which is common in pot experiments. The complete sealing up of 
the soil also enables the experimenter to determine the amount of 
water which the plant has actually used and transpired in its process 
of growth, and this, together with the small size of the pots, enables 
the moisture content and its fluctuations to be carefully controlled. 
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On good soils, or as a result of favorable treatment, plants are 
produced in the little pots in twenty-five days or less time, the green 
weight of which sometimes equals or exceeds 1 per cent of the weight 
of the soil in which they grew. Such plants are approximately 85 
per cent water; they have transpired about 100 units of water for 
each unit of green matter produced, and their dry matter is relatively 
richer in mineral constituents and nitrogen than that of mature 
plants. On this basis, an acre foot of soil, weighing 3,500,000 pounds, 
would produce 35,000 pounds of green matter, requiring for its pro- 
duction the equivalent of 174 inches of rainfall. This green matter 
would be equivalent to 5,900 pounds of air-dry material, or about 
50 bushels of wheat and 14 tons of straw to an acre. While the 
removal of green matter equal to 1 per cent of the soil in the little pots 
is somewhat above the average, it serves as an illustration of the 
heavy draft made upon the soil in a very short time, a draft, as 
regards moisture and mineral constituents, although part of the 
latter comes from the seed, greater than that which takes place under 
field conditions by the removal of a large mature crop, assuming 
that the removal takes place to a depth not greater than 1 foot, 
which for wheat and similar crops would be approximately correct, 
and providing also the movement of plant food by capillarity from 
below 1 foot be ignored. 

TasLe |.—Actual transpiration in grams for each of twenty pots, on three soils, wnder 


uniform treatment, and the percentage variation from the average for each pot, also average 
percentage variation of each group of five pots. 
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FERTILIZERS USED. 


In this investigation the tests were confined to the use of high-grade, 
standard fertilizing materials, consisting of nitrate of soda, sulphate 
of potash, and acid phosphate, together with air-slaked lime, well- 
decomposed stable manure, and green cowpea vines. These ingredi- 
ents were applied to the soil separately and in various combinations 
as follows: 

Treatment and rate per acre. 
Untreated. 
Manure, 10 tons. 
Lime, | ton. 
Nitrate of soda, 200 pounds. 
Sulphate of potash, 200 pounds. 
Acid phosphate, 200 pounds. 
Nitrate of soda and sulphate of potash, 200 pounds each. 
Nitrate of soda and acid phosphate, 200 pounds each. 
Sulphate of potash and acid phosphate, 200 pounds each. 
. Nitrate of soda, sulphate of potash, and acid phosphate, 200 pounds each. 
. Same, plus lime, 2,000 pounds. 
. Cowpea vines 5 tons, lime 2,000 pounds. 


te 


HH 
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je 


The rate of application is based on the weight of an acre of soil to the 
depth of 7 inches, which is approximately 2,000,000 pounds. The fer- 
tilizers were applied in solution, and the lime, manure, and cowpea 
vines in bulk, each being finely ground. | 


CALCULATION OF RESULTS. 


While this report combines the results of more than 13,000 pots, 
individual record of which has been made, the results were reported 


on forms, of which the following is a sample: 


[Can 101.] 


Actual transpiration and green weight and relative transpiration and green weight of 8@ 
wheat plants on the basis of 100 for the untreated soil. 


Soil: Norfolk Sandy Loam. Locality: Waycross, Ga. 
Planted: April5. Sealed April10. Disctd.: April 28. Basket Nos.: 2066-2125. 


| 7 . 5 . 4a 
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a Parts*per million multiplied by 2 equals the pound rate per acre on the basis of 2,000,000 pounds as 
the weight of an acre of soil 7 inches deep. 
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On this form are given the total transpiration and total weight of 
ereen plants for each treatment, consisting of five pots. The trans- 
piration and the green weight of plants for each treatment are 
entered in the third and fourth columns, respectively, while the 
relative transpiration and weight, based on 100 for the untreated 
soil, are given in the fifth and sixth columns and are merely com-: 
puted from the actual transpiration and weight in order to convert 
the comparison to a percentage basis and make it more simple. 

The variation by transpiration, while a good indication of the 
relative growth and effect of the treatments, frequently gives a range 
of lesser magnitude than the actual growth of plants. Plants that 
have made a marked increase in growth as a result of soil treatment 
usually contain a higher percentage of water than untreated ones 
and therefore show a slightly lesser variation by dry, or water-free, 
weight than by green weight. See Table I, which follows. The 
increase in growth is also accompanied by an improvement in con- 
dition which can oniy be measured by appearance, but which will 
usually prove an advantage to the better plants if grown to maturity. 
The results given in this bulletin are all based on the actual green 
weight of plants, the weighings being made immediately upon cutting 
the plants and under uniform conditions. 

TasLe I].—Percentage gain or loss attributable to various fertilizer treatments on 
four soils. ‘ 
[P=acid phosphate. K=sulphate of potash. N=nitrate of soda. L=lime. M=stable manure.] 

A.—BASED ON GREEN WEIGHT OF PLANTS GROWN ON UNTREATED SOILS. 
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B.—BASED ON DRY WEIGHT OF PLANTS GROWN ON UNTREATED SOILS. 
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ARRANGEMENT AND TABULATION OF RESULTS. 


Table III, which follows, gives the actual green weight of plants 
grown on the untreated soils and the percentage increase or decrease 
in growth, the latter indicated by the minus (—) sign, resulting from 
the various fertilizer ingredients and combinations. The data are 
arranged by States, areas, and types and averages are given for areas 

and for types Sainte areas. The symbols at the head a the columns 
are used for the sake of brevity. P stands for acid phosphate; K for 
sulphate of potash; N for nitrate of soda; L for air-slaked lime; M for 
well-rotted stable manure, and Cv for green cowpea vines. The ingre- 
dients and rate of apt ig eee are given in the preceding form. “All 
data resulting from the tests are ennbadied in Table III. Marked 
variations from the general trend are exceptional and most frequently 
occur with manure or cowpea vines. These substances have occa- 
sionally given negative results apparently as a result of decomposition 
products from which the soil did not have sufficient time to recover 
prior to the planting of the seed. The blanks in the table indicate no 
tests for the ingredients or combinations heading the columns in which 
they occur. Practically all such omissions occurred in miscellaneous 
samples which were tested by the Bureau parties at several of the 
State experiment stations. Table III gives the results for 220 soils 
and from these results many tabulations were made, parts of which 


are given on subsequent pages. The arrangement and segregation 


of data in subsequent tables are for the purpose of a further compara- 
tive study of the facts as well as to enable the reader to verify state- 
ments that may follow in the text, although a number of facts are 


given from tabulations other than dee: rh follow. 


Tasie II1.—Percentage increase in growth attributable to the various fertilizer appli- 















































4 cations. 
Weight Gain or loss attributz able “Ge 
of ; 
plants 
Soil type and locality. grown | aoe 
OUT Peeves |e ena Nien | SEK. | PN. KN. | PKN. L. | PENL. | Me?CvL. 
treated are 
soil., | 
WISCONSIN. | . 2a 

Portage County: Grams. |P.. ct.|P.ct.\P. st PanCinl tees & ct P.ct.|P.ct| Ps Cte. |\PuchtP. ck 
Miami stony sand..... | 9.9 6} 13 — 3] ll| 21 22 |— 3 | | 19 | 47 8 
Miami sand........... le GG 7| 15 33 Pcs |\ (oat og tsar 7 43 |) Seal =e 
Miami sandy loam...-.. 9.0 4 8| 2/—1); 10; 14 3| 4 21 | 29 12 
Marshail gravelly loam 11.0; —1/—2)| 14 2 3| 16 ee 3-| 36 14 
Marshall sand..-.-...... 8.4 7 Sh) Silla BB A Py ep. 35} IL 8 34 3 
Portage silt loam.....- 10.0 | —11 |— 9 1 |—10 3 3] 56 10| 21 10 
Portage silt loam...... 8.7 2|-16|— 2} 5/—9| 10 Lins 14| 42| —14 

ee ee | SSS SS ee fe ee 
Average for area ....; 9.0 2 tie te ee (pe i 15) 5 3B 41 4 
MISSOURI. 

Crawford County: é 
Clarksville silt loam... 6.6} 26) 15| 17| 27| 25) 15) 7 14 | 1) 4@ 32 
Wabash silt loam.....- 7.6 | —1l 1 |— 3 |-— 2 3 |= 5) ea 2| 23 | 24 
Clarksville stony loam. 14.6 4 3/—2\|—9]} 2] Ill 3 |— 3 — 2 |—10 13 

Average for area .... 9.6 6 6 4 5 10 7 oat 0; 19 23 














28220—Bull. 48—08——3 


16 FERTILITY OF SOILS AS AFFECTED BY MANURES. 


TasBLe III.—Percentage increase in growth attributable to the various fertilizer appli- 
cations—Continued. 






































































































































































































































| Weight Gain or loss attributable to— 
of ; i 
plants | | 
Soil type and locality. grown | | | 
onun= | aes | Ke} ON. | BIKE RING |EKGNDPKEN- in | KENT Mee vale 
treated | | 
soil | | ] | 
|—_———__——— | ——-—__, | || 
° } j 
MISSOURI—Ccontinued. 
Scotland County: | Grams.| P. ct.|P.ct.|P.ct..P.ct. P. ct. P.ct.| P. ct. Vesa 125 Gin Pct! PNG 
Shelby silt loam...-...- 9.6 CM EE A Bey aire ae 28 | 11 28 | 69 | 30 
Miscellaneous: 
Loess, McBain County | 7.8 8| 22] 28] 26] 26| 47 DOU el Ooo cee 23 35 
Clay loam, Salem.....- USO sasees ase ec leeae 25 | 50); 60 68 | 25 BOE od 35 
Silt loam, Columbia. - et (ce ol ees | ee 29 | 54 | 44 EAS oc 66 | 34 50 
INDIANA. | | 
Newton County: | | 
Marshall fine sandy | 
| GSN ieee ee ee 6.3 |) abe 9 0 5} 12) +-— 4 |=—12 —1]| 60| —2 
Marshall loam......--- M26 AP 22) ds) DOR a Ao 16] 22 PAW sar it 34 
Clyde fine sand.-.-....- LIAS || PF a 8) a 13 —17 |—12 Se aa ey —4 
Averageforarea-.... 88|/ 0| 1/ 4| 4|—1] 15] —2\-1 4| 56 9 
Tippecanoe County: | | | 
Marshall silt loam...-- a2 4 1 GulelLOnleeese 3 12 7 6 |— 2 4 
Marshall loam.....-.--- 7.5 | — 3 2 {i= 4; 18 6 |— 3 7|. 42; —2 
Miami silt loam...-.... 5.6 30 | 21 | 28) 26/ 58) 46 58) |) 17 Sailea 30 
—- SO | _——__—_— 
Average for area....- G28) 10) eS a On esi 25; 2 16 |. 37 11 
OHIO. : | | | 
Westerville area: | | | | | 
Miami black clay loam. soo) feel GS Dy is | if 8 1 11 | 22 5 
Miami clay loam ...... Ott Gap mss || rll atl 13 7 11} 15 45 
Miami loaimose ss eccere BiG eS tse a) rom elon |t as Oulere 2| 48 15 
_ Average for area... 7 es aa ae ee Pears Ae g| 28] 22 
Miscellaneous: | | | 
Volusia silt loam, | 
Wioosternss ase eee 5. 8 Us ese es ee 14, 47 46 62) 21 16)| a b2ideeee oe 
Miami clay loam, Ger- | | | 
IMANTOWD oss e sae - = =e (eo) ce Seen eooae 6 | 24, 30 27 9 47 10 22 
Miami clay loam, | | | | | 
Strongsville........- {Bess eee = i= He Les 9) = 16)=6") = 16) |) 30 eee ia OU ere 
———————| | | | | 
NEW YORK. ual | ec 
Tompkins County: | | | 
Dunkirk clay loam... . OF0F Ole ON ml tala | 6| 23 11 |—14 12| 68; — 4 
Dunkirk clay loam.... 455 | —18 4), 554 — 5) 27 | 47 42.) 229) | teeeeee | 33 54 
Average for type...- M89) val 84 |= 3 a7 35) Ohare el eee 51 25 
Dunkirk loam......... eae ae Sh iail= aa P04 ew = 7 | 11| 46 0 
Miami stony loam..... 9.6 4 UT aes ae rn, ann 11 0 7! 36 26 
Average for area .... 7.9|—5| 4] 21|-3] 10] 24 1952s 10} 46 19 
Binghamton area: | | f | | 
Dunkirk gravelly | | 
sandy loam ........- Bsa etal oth 2 oor t6 1} 26 27| 29 69 
Dunkirkgravellyloam| 10.6/ 9/] 9] 1/—8]| 0] 9 7i= 2 1 |) Dus 9 
Wabash loam......... fee SADE Be see es TG WR Men Pe Set ba 72 26 | 10 15 31 10 
Average for area ..... O335 lies baal ets) 66 45 tl at6 uli eer 10 | 27 23 
Other localities in State: | | | | | 
Volusia silt loam.....- 5. 4 2) 15) 13 iit 8| 38 20 9 32 51 29 
Volusia silt loam...... A538) 2)|| fo | 34) 15))) 21 || “53 35 | 15 G2) Sie 
Volusia silt loam...... 6.6 Aooo 1G) |) 1) 4. | t9 Bees iS erag 13 
Dunkirk clay loam.... S19 AG 29) | 201 Si |) a0") oi 28} 19 FAFA eRe 28 
Dunkirk clay loam.... 10. 2 11) 11} 18|/— 5|—6 6 5| 8 OW 1 21 











ARRANGEMENT AND TABULATION OF RESULTS. 17 


Tasue II1.—Percentage increase in growth attributable to the various fertilizer appli- 































































































































































































cations—Continued. 
Weight Gain or loss attributable to— 
of SS eh G = ~- a —— 
plants | | 
Soil type and locality. grown 
onun-| P. | K.| N.|PK/PN.|KN|PKN.| L. | PKNL.| M. |CvL 
treated | | | 
soil. | 
| | aes a . —|—$—— |= =) 
PENNSYLVANIA. | | | 
Montgomery County: | Grams. | P. ct.|P.ct.|P.ct. P.ct..P.ct. P.ct. P.ct.|P.ct. P.ct. |P.ct| P. et 
Hagerstown loam....-. | 10-3) 13 |—2 De eU sis tage 9 6 23 | 20 29 
Penn silt loam........- ) 12.3 8 | 12 8|- 11 Ti 24 13 |— 8 4| 24 36 
Lansdale silt loam .-. | 9.9 0| 2 | 27 j= st ea} | ails} 17 9 30 
Chester loam.-.-...-..--- Sethe 0 9) 4) 21) 18) FS) | 271s 33 | 13 8 
SES A (AS Eee [ye | 
Average for area -. “Al 10. 1 | ake) 4] 18} 9} 19 14 5 19 17 24 
RHODE ISLAND. | | | 
The State: | 
Miami silt loam, King- 
SUC eee S@ (= | 19/14. | oe aoe 22 | 300163 |, 6 Aan ea 
Miami stony loam, | | a ere Fe 
Middleton=25------- Te Sule ee lnc: ee ol ome eee cots! baie 18 9 AIG) 3 eee 
Miami stony loam, | 
Jamestown........-- 5.8 | Be re ae 7 a nee 24| 60] OE te ee ge oe 
Miami stony loam, | | 
Curtis Corners. ...-.-.- 6.7 | RS eee ae 2) Ee Oe Seeks eee fi} 9 ta] 43) eee ee 
Miami stony loam, 
Woonsocket. =. .2...: 0 eee) ee! Pcs eye ie eae) feces LOOP) aeL On) Wig eres, ae, toys 
Miami stony loam, | 
Little Compton ..-.. SS ANS Sy ape tie ae eae [geass ope ees 5: a8 Sues eine ye 
Miami stony loam, ° | 
PASM WAV ee eee ie BAGH [Lis ae bey ee Se eee hee BAA Drape 4.) 21 Titel fener ene (eee 
Average for type....| 8.4 |...... en ee eae u| 18 | 40 |enae et ea 
Gloucester stony loam, | ) ' 
East Greenwich. ---- STi tee es | es Ee Sa I ae Se 15 2 (ee od Kee 
Gloucester stony loam, 
@hepachet--=— = 4.’ FeO el [eee ae Le a ec el Nee i go Pc See 4 9 | pA We ea) (pee 
Gloucester stony loam, 
AN2ie a) hoe eee TEU Sah ee Fp le ae |e ee 3 0 | Ul ce ee ee ee 
Gloucester stony loam, | : 
ashen oc... Sie ties sete 1 oo2 [ete Prey Rbreecen) (Pes be 2| 25} 14S: oe: 
Gloucester stony loam, | 
GRECNGe ect = Ses ce: 2 EL DEAY a ies [seis Beek Be [rye oe eset eee —22| 8 BU (eet Si Maes 
Average for type... rats Ps Pees tees eee hea ia eae | ee 0| 9 71 a eg 
Alton stony loam, | | | | 
Hope Valley ....-.--- Sy | LE oe ses oe tees Ieee ees 34 | 38 ay Ol eee | aI es 
Alton stony loam, 
Witeistard. 22 oes BAK eee 8 lee = hone eles She: Bae aL |= 2 74 ces, oe 
Average for type... 5.4 |...... | wee ee aa ee 43 | 18 ey ees ae 
Warwick sandy loam, : | | A 
ParlieyMings S80 as. TRUS oS) Stare ecl ae uunee Lapin. omceg RS 41 |— 8 421. Se SARE 
Warwick sandy loam, | 
BATE GON. =~ =. - (534 pcre Some beeen Barer 23 | 28 AD |e 2 speek 
Average for type. -| (i etek Shes Ee el ee Ree | 32 | 10 rs Faia (2 tas 
Average for area ..| (eh (See roe Sree Ree. eae ee Es! 15 | 14 roe See ee 
VIRGINIA. | | ess rasa | 
Louisa County: 
Cecil sandy loam...-.. 7.2 24 5} 13) 31} 13} 27) 30; 5 39 | 25 57 
Wecisodiiine e552 s . | 4.6 36 47 75 26 75 | 100; 102 71 153 63 158 
} H- < SSS SSS ee 
Average for area.... 5.9} 30} 26] 44] 28} 44| 64) 66. 38 96 | 44 108 
Hanover County: : f 
Wickham sandy loam. 7.5 | — 3 5} 11) —-!1 10} 16 36 9 35 | 31; —i2 
Norfolk sandy loam... (ies) | BE ig OT LOH Le: | ee 30 |— 1 47 | 44/ — 8 
Average forarea....| 7.5 Oye ie| ss) 14} 33| 4 41|/ 38} 10 





























18 FERTILITY OF SOILS AS AFFECTED BY MANURES. 


TasBLe III.—Percentage increase in growth attributable to the various fertilizer appli- 
cattons—Continued. 












































































































































Weight Gain or loss attributable to— 
of 
plants | 
Soil type and locality. grown 
ONAL WHOS PN TES | NCS SIN] Ss Hele Ga PINT GIN Se ON IA IU PIETN LINES CFL, 
treated 
soil. 
5 | | | 
VIRGINIA—continued. | | 
Appomattox County: CHTLHLOS6|| Jn Gd Ue DG RV Eo GA a GV ESORVE>Gi\ ea Gis V25@i4| JP. Gi, VPs @i| I>. Gi. 
Ceciliclay Aaa ses are i ZO eceee esa le rere 6 |—13 4) 12 % |= Il 2\|— 3 24 
Cecil clay, Pocahontas 
Cld eee eee W.7 |) — 3 At es 3 | (ee el eae | 9 |— 6 7 |— 2 | a 
Cecil clay, Mitchell | 
fle] eve cis 5 SRO ere ase UB BW, 2ST oseee 4 Sy Pasee he see 6 5 — 4 2 | 6 
NORTH CAROLINA. 
New Hanover County: : 
INortolkesainds= saesee=™ 4.1 37 | 41 | 122) 61 | 124 | 131 151 | 66 154 | 241 144 
Norfolk fine sand__.._- 6.4 3 i a7 | 20 ais |) Sl 63 | 16 70 | 94 37 
Norfolk fine sandy 
LOSES esa eel (eS 3 3 | 22 33|| 240) |). 8B 29 8 SIG od 34 
Portsmouth fine sand .- 3.0 NGS | S30) |) || 20) eye) ally 110 |} 70 173 | 180 230 
Average for area --.-. 5.2 14] 21| 65 31) 69) 88 88 | 40 LOTS) tote ieee tite 
Miscellaneous: 
Cecil clay (good), 
Stateswilles: s9 2-2 8.8 O|— 2 — 4}..... 9| 14) =—4 Lsjai seses ASE {is Oe eee 
Cecil clay (poor), | 
Statesville. 2-25 8.8 | — 1 1 Ones — 6 7 5 Gi eh ae ne \—14 3 
Cecil clay, Iredell test | 
Vics 01 he tae 1 i ran 4.5 86} 34; 42) 99) 97 | 35 105 | 45 NOG | SO Goce oe 
Cecil sandy ~ loam, 
Raleigh jaan oe 4.1 PRO Ne Sill XO | 8) PRI BY) 49 | 52 103) 53 54 
Iredell clay loam, | 
Statesville: _-......2- 52 (eleazal AA Ate) 9| 28 34 |— | Pas) SB) |e oe 
Norfolk fine sandy | | | 
loam, Edgecombe .. . 4.8 AWN i 2 Bh) as | Gy |) zi 56 | 25 Tite OOM eee 
Norfolk fine sandy | 
loam, Tarboro. ...:_- 3.0 25 22 | 42 29) oi 59 63 1 70 | 38 78 
Porters clay, Asheville. 5.8 | — 6/— 2| 29 |—14] 24] 40 19) 10 53 8 15 
Porters clay, Biltmore. 12.4 TG Hs TS SS IP NG) A 25) esol 26 | 61 24 
Porters sandy loam, 
IBTamtiyre essere ce see 4.5 AN AAS 20) sila iee20 5 eel 24 | 43 22] 61 31 
Portsmouth sand, | 
IPinehunsteecee see see 4.8 4212 26 | 42°) 35 | 43) 38 56 | 26 46 | 41 45 
Portsmouth silt loam, | 
Chowan County....- 4.5 2} 19) 147) 116)| 23:5)» 62 62 | 19 57 | 46 74 
Silt loam, Union 
County eee = 4.6|— 4 Ni BP Ue a) |) zi 42 4 bi pale r4Sie |S See 
Tobacco soil, Wake 
County ee eee 4.7 CO) | ST AS Wis AO |e aU hs 2 30 | 11 16H 336s eke 
SOUTH CAROLINA. | 
York County: | | 
@eciltsaind es eee Sh@) |) Si = BH) BS BS 8 | 20 54] 8 71 90 60 
Cecil sandy loam...... 7.0 40 3) Zs) 0 40 34 | 33 41 | 76 58 
Iredell clay loam.....- Cet. 0 Gaieanl Oat! Gule16 18 3 aod 19 
| 
Average for area ..-. 6.2 8 0| 24 7 D {| 25) Som onl 43. | 72 | 46 
Cherokee County: | 
(eciNclaya se TA A 6] 86 |= 2 | 26 | o30)| oe ls ele ee ane ee ea 
Cecil silt loam.----.... 6.6 2 1} 52 Di Gee | ae 48) 39) |* 56 | 81 | 74 
Cecil fine sandy loam... 5.9) — 3 7| 464/—1) 46| 46 52 | 29 | 68 | 8&8 | 123 
Cecil sandy loam .....- 6.9 | —12) 28} .35 9; 33} 60 58 4 (5) |) Al 5 
Iredell clay loam...... 91) —3 PANE BD We slut dO Parle ene 42| 36 | 7 
Average for area ....| We || = & 7 40 3] 36) 49 44| 18 55 | 64 | 44 
Lancaster County: | | | | 
Geolisiltiloam= 2225.24) TASS | arse os a 7 | 15) 63] 61 | 67 8 | 73 | 10 111 
Miscellaneous: | | | 
Orangeburg sandy | | 
loam, St. Matthews. . Hilts} 0|— 2) 15 5 | 16 14 | 26 19 | 28 | 25 17 
Portsmouth sandy | | 








loam, Darlington... ES Yt leper tee ee akIS Ou ys5tlin 2oul 30! 40) 105 | 44 138 





ARRANGEMENT AND TABULATION OF RESULTS. 19 


TasLe III.—Percentage increase in growth attributable to the various fertilizer appli- 
cations—Continued. 





| Weight Gain or loss attributable to— : 
oi Sa ; - * ia ee 








Soil type and locality. grown 

































































































































































































































































onun-| P. | K. | N. | PK.|PN.|KN.|PKN.| L. | PKNL.| M. |Cvb. 
treated . 
soil 
Fel ial eG i 
TENNESSEE. | | ) | 
Henderson County: GiG@ms= P= Cch Py CLE Ct\.bCh\. Ch bother «Cle IP. ct.| Pct P.ct\P. ct 
Lexington silt loam... . 7.5 1 |) Sh gse5 | 16 | 44 36} 5 | 57 | 72| 17 
KENTUCKY, _ [i etal 9 Py 74 | 
McCracken County: | | | 
Memphis silt Ioam..... 5.0|-3| 3] 39] 8 eae ee 28 eee ae ey 48} 70| —2 
GEORGIA. | Pre es ore ia 
Waycross area: | | 
Norfolk sand, 12 miles | , ) 
west Waycross...... 5.5: | = 9 | 24| 45 '|- 27] 49). 65 72 64 109 | 124| 118 
Norfolk sand, 4} miles ee epee 
Sie WayGross: 9: _ 5.6 | — 4] 30] 61]. 18| 45! 50} 5 20 121 | 114 132 
Norfolk sand, 3} miles | 
NW. Waltertown ... Up lle) 2 ie 5 | 36 5 22} 41 24 | 34 aT ag 65 
Averagefortype..... 5.7; —5| 16| 47| 17| 39| 52| 51) 39 95/105 | 105 
Norfolk fine sand, 3 a | : ee es 
eae W. Waycross... 6.1 7 15 | 55} 23 49 CO > 7a ot 84 102 107 
orfolk fine sand, 8 © | | 
miles SE. Waycross.| _—-6.0 5| 8| 53|—2| 18| 38 50! 27 | 32 | 113 | 107 
Norfolk fine sand, 2. | | 
miles W. Waycross. . Te a ser aon | Fm) el al 14 6 | 25 | 28 36 
Average for type... 6.5 1) 5.2 35, Sp 18+|) Be 46 | 22 | 47 | 81 83 
Norfolk Sandy loam, | | 
24 miles N. Way- | 
2) use: bee ees 7.0|—7| 14| 36] 14] 37| 54 64| 0 | 57 | 103 94 
Norfolk sandy loam, 
3 miles Nw. Way- / | 
(ORD Ace ee eee Gebel 15 | 54] 15] 77 | 102 85 | 35 100 | 109 109 
Norfolk sandy loam, | 
24 miles SW. Elsie. ..- 5.0 | 0} 16}; 20 Si LS |p 42 25 | —9 43 | 54 42 
| = — 
Average for type... Ge2ien | 15| 37] 11| 43| 66} 58| 9| 67 | s9| 82 
' Norfolk fine sandy | i 
loam, 51 miles W. 
Waycross..........-- 7-5 | 17| 28+ 60] 23] 63| s3| 73] 40 so} 113 | 118 
Norfolk fine sandy 
loam, 3 miles E. 
WHVGLOSS: oy oan | 7.9 1 aN!) 6| 21] 38 240 22) 35 | 96 67 
Moxforke fine sandy 
oam, 4 miles N. | 
VISTO E seer oo eS Sees aul 29 74) 35 | 51 79 86 | 64 | 105 | 150 176 
| OR anes TR 
Average fortype..|  6.4| 10| 21! 54| 21! 45| 67! 61 42 | 76) 129! 119 
Portsmouth fine sand. | 
53 miles SE. Way- 
CROSSE eo = fo ao Ss t DRY 6 21 73 31 92 | 104 | 77 29 117 | 150 148 
Portsmouth ine sand, ; 
1lmileS. Needham... . 524 1 15 50 | 26 75 | 80] 90} 92 153 | 219 175 
Portsmouth fine sand, e | 
1mile S. Glenmore. - - 520 2} 18| 33} 24| 33] 29 71} 20 75 | 64 109 
Average for type. - 531 3\| 18| 52] 27| 67| 71| 79}. 47 115 | 144| 144 
. Average for area... 6.0| 2] 15| 45] 16| 42] 59| “59 | 32 80} 108 | 107 
FLORIDA. | | 
Escambia County: ‘ es | " 
Portsmouth sand... ... 8.3 2 5| 12 5.9 18) lek Te aR ae 48 47 35 
Norfolk sand.......... pa) wie ete) is | mh) it) a) eee 74| 83) 10% 
Norfolk sand ........-. 5.9} 5] 32) 45) 15) 20 | 84 | 46 | 24 55 | 94 97 
Norfolk sand..-.....-- . 7.2) 4] 19) 33 9) 16/ 41 | 2 | 29 23 | 66 65 
Average for type... 62| 8| | | 16 | 46 | 26| 33, 51 | sl} 9 























20 FERTILITY OF SOILS AS AFFECTED BY MANURES. 


TaBLe III.—Percentage increase in growth attributable to the various fertilizer appli- 
cations—Continued. 






























































































































































































































































: | Weight Gain or loss attributable to— 
ot - : é 
| piants | 
, Soil type and locality. grown i 
con um=-| P| Ke) IN| KEP NE WRONG HPIKGING fee ae ESRGN| Tolan iOnvaiee 
treated | 
' soil 
FLORIDA—continued. | | | 
Escambia County—Cont’d. | | 
Norfolk fine sandy | Grams. |P.ct.| P-ct.\P-ct.\P.ct.\P.ct.\P. ct.| P. ct.\P.ct.- P. ct. |P.cé.\ P. ct. 
lOQMA Sees eee ae 8.4 |= 7@ 14 15; 8 |—12) —4 | 35 TAGS, 51 
Norfolk fine sandy | ie 
1Gamidse sees EI ba i Ea a eis SP soe) a9 Says | Sales 85 
Norfolk fine sandy | | : 

OATS ee eee 3.8 24 S6nl a 27a SSeS | 12 | 48 | 136 130} 90} 136 
Averagefortype..| 5.7:| 9| 21| 12} 24) 25| 13) 30) 7 15, | bk | 98 
Average for area SEnGRe tl Easy roi 20} 16| 20| 27 26 (Soo emilee - 82 
ALABAMA. | | 

| | 
Lee County: | | | | 
Cecil sandy loam ..-..-..- 8. 6 | 1G baie 14 |— 2 Silt 153} 1) 28a eee 58 
Cecil sandy loam.....- NG tue re | eet te et ee Zee ae} Boni ag ec toa 
Average fortype.....|. 7.1|—5| 1 | |- 7} 10] 2 | ash ie AO | eae 
Norfolk sand...-- SORA | GAS) | POH 10s 840) F930 | Fest) 77a) ato? | 57 103 | 107 | 160 
INOrtolksande a= eee Ae = Te 1 B30s|—. Sah 212) 40) SOnOO 135 | 108, 148 
Average for type- - - .| 5.8 4 A350 | On eel MS 48 | 53 TIO | LOStie 115i 
Norfolk sandy loam... Gh | ee | | | sl azaleas aloe ieee 64| 42) 104 
Norfolk sandy loam. -- Ut 12} 19} 55] 20] 50] 53 | 63 19 S726 || 164 
Average for type. ---| 6.9} — 1) 12); 48} 18; 43} 48 54) 15 75 | 52 134 
Norfolk coarse sand. .-| De) ae Man eto as 8 | 34}| 49 50 5 70 | 59 101 
Norfolk coarse sand - -- 6.4 | —12 0, 20 |— 2 33 ||. 1133 255) 22, PRY) 3B} 41 
Average for type- ---| 5.8 lia 9 |) -aeE Bye Uh Silt Sf |} Ike! 46 | 46 71 
Average forarea....| 64|—3| 6| 35| 3| 28| 40| 42) 23[ 70| 65| 110 
Miscellaneous: | | 
Clarksville clay loam, | | 
BlOrenCee. 225225222 "s TAOS oe Neewe eee | 6\|— 4|— 4 3 19 — I 10 |—15 | —13 
Clarksville silt loam, | | 
INOW Seok aeesoas Cha). |laeea oe sce Ze LT AS i 20 4 15 |= 3) 30 
Orangeburg clay, | | fee 
Kane scare ee 10.3 So Bl Wee Gy ety 19 19} 16 35 32 26 
Orangeburg clay, | | 
HOTGZSstanm eee eae 9.1 22.\| 24) 42 Saito 34 67 | 20 55 49 35 
Orangeburg sandy 
__ loam, Rawl’s farm. .- 8.1 oS |p EE aH 8) 2 12 21 Uy fect ee ot? 20 
Orangeburg sandy | : 
loam, Marion........ 4.8 14 Ve e25 19 | 59 | 28 69 12 695 )aon 60 
MISSISSIPPI. | | 
-Pontotoe County: | | | 
Wofkinélay.-.2-026.5.° 6. 4 Sa EShl28 see On leo a ad 28| 6 Sian 48 
Lufkin silt loam......- 5.4 41 AAW 52 S28 et59 44 50 | 63 56] 37 78 
Orangeburg clay ------ Os (|) Sf Sd ip ok Oo) wha) 27 45.\— 3 47 18 32 
Orangeburg sandy 
LOAM ea eae cee (50 lit 2a 28 le 2a eOMl analay 26 6 aie | es) 24 
Monroe silt loam. ----- SHOR aa Oat ada} ey xOal t23y hao. 14 9 18 ; 29 39 
Average for area, ---.- 6.8 1059) 28 97) 22) | 26 32 | 16 38 | 24 44 
Montgomery County: | | | | | 
Orangeburg fine | | 
Sandyalogmeeeeeee ee 1D 24) 20) | 143.) 2138 53 53 48 | 24 64, 60 60 
Lintonia loam: - 222. _ = 8.5 7 | 17 29 27 17 26 22 24 16 30 | 48 
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TapLe II1.—Percentage increase in growth attributable to the various fertilizer applica- 


tions—Continued. 





Soil type and locality. 





ee 


MISSISSIPPI—continued. 


Montgomery Co.—Cont’d. 
Memphis silt loam. ..-. 
Memphis silt loam. .... 
Memphis silt loam. ..-. 
Memphis silt loam. -.-.. 
Memphis silt loam. .... 
Memphis silt loam. .-.. 


Average for type ..-. 
Average for area .- - 
LOUISIANA. 


Caddo Parish: 


Caddo fine sandy loam. | 


Caddo fine sandy loam. 
~ Caddo fine sandy loam. 
Caddo fine sandy loam. 


Average for type.... 


Miller fine sand 
Miller fine sand 


Average for type. --. 


Norfolk fine sand 
Norfolk fine sand 
Norfolk fine sand 


Average for type..-. 
Norfolk fine sandy 
OATES ce ere ie 
Norfolk fine sandy 
NOAM rs esa eate 3. 
Norfolk fine sandy 
oe hod ret Pee Sarees 
Norfolk fine sandy 
NOB Perersite woes oe 


Average for type. ..- 


Orangeburg fine sand. . 
Orangeburg fine sand. 


Average for type.... 
Orangeburg fine sandy 


loam 


Average for type..-. 
Average for area.... 
ARKANSAS. 


Prairie County: 
Calhoun-clay. =22.----- 
Crowley silt loam...... 
Crowley silt loam...... 
Crowley silt loam...... 
Crowley silt loam...... 


Average for type.... 


















































































































































































































































Weight Gain or loss attributable to— 
: ct | . 
PS eH 16 (19 Ogle eee eens Bn ert 
Se —i3 |) 6.12 a Pitot arene 9|- 6| 34 
HFS) (= 3, |= 2, 15" = "Sule ee econ) ante 20) 18| 28 
(D0) |e Et Vato) =) as 9) Ol) aaa os 9 
Cn kone Cal OM ear Sie |S) asics ane) 17| 36| 40 
Que oen7 |= 2: |S ees ara Zhoas 1%), geeaeest 
OE, ene RY RE P| Oe Ch Pelee 
4.4| 18| 18] 86| 25] 16] 84| 36] 18 52| 20, 186 
SeON 20) pra lesan a lin en) 69 rn ee 72| 44| 148 
Sessa zale 5 vgle en) 15.1) 29 CN ae 14) 61. 4 
GAO) ne Oulue ly eels. 4). 20) | 19 g| 19 16) |" 790) 298 
GhO)| tee: |Meat tase 31013) (5/400) aes 39 | 37| 100 
Bisl|igh aalmeton Naess li cay 2240 eee 34| 81| 48 
Te Sie Fie eG et ON etl 380 a7 1 | eota 16: |2430(0 a6 
66) |) siz) 101/240) ie) Sih) 9) 10) | ae 25| 62| 42 
3.7| —3| 51| 62| 65| 54| 65| 51| 41 113 | 146 | 195 
Biss Moelle 190 cA WL Sol 1Gg| a62' | ob ead go | 92] 98 
Bai 157) 20) <32)) Sean erat |) | esol erg 74| 28] 80 
4.8| 11] 30] 45] 35| 49] 63 55 | 30 89 | 89| 124 
8.7 AT ie cOu oir Oh eat law oL |) 0h) 30] .9 25 
OLGa l= Sil * Oise tone Salle 13y| ater 19: |) 22, | eed 
BeGHl 21 Be) 2200's S5.\ 419) p76) 4a| eae, 54| 54| 52 
| 
Taga Wels |==eoel=-100l) 30), sly 44a) age 56 |, 18.|° faz 
eG) || eae ieeollieitl a9 | <3r | 219) 9 40| 26| 31 
— | —S=>-"so = ——_— —————eo 
asl elo. Pais le) Silniai| | os in meonll S20 23| 15| 28 
Gn pe 10) | 0) 110) 920) || a |e 28 ie 50|114| 124 
Gora oll Cee Tuas: ait” oar ie 39|115| 76 
| 
chives SEC Cette Mima LOM em tee Uae oi 15 | 20 | 26 
500 On|) 6, e10.| 22)| 20} 30)! aa, 0 44| 34 | 96 
avlime ee sli) is | to} ale va eo eee 
eis on is oa) ig | 26 | 35.) Sade 45| 54| 74 
Bs). 4) ad) 12 | 16) 16] 2h 48 o7| 4 | 13 
MO saeoues |). Oi) .0| =e 7| 36 60/ 19] 38 
ieee eS: |=. 6.5 | 8 Sh 9 Bets 9 
70| 06| 10) 43/—6| 22] 26| 27] 434 71| 64] 80 
Senda Des eae o| 46 33| 18.| a2 
yl o| 7] 14|-1|] 6] 9 9| 32] 42| 27; 42 
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cations—Continued. 





Tape III.—Percentage increase in growth attributable in the various 1s fertilizer appli- 






















































































































































































































































































































































































| Weight Gain or loss attributable to— 
of 
plants | 
Soil typeand locality. | grown | | 
| on un- | De fp WKN 2 BK PEN, | KGNG | KON oats | KEN iis olen | Cyalae 
_ treated 
soil. | | | 
ARKANSAS—continued. | 
Prairie County—Cont’d. | Grams. | P.ct.|P.ct.|P.ct. P.ct.|P. ct. Pct.) P.ct.|P.ct.| P. ct. ‘Pp. GIANT EX, Git 
iMonse claves eee 8.8 —9 8 1 lo alah 6 | 0 6 = //a|\eaO 22 
IMorserclay ones cance 10.8 | 4)— 3 2(.—7 2 6) — 3 2 4 4 9 
IMorse:claye cc.) oe2e55 HSER etal) ho ——23 4 3 9; -l1|—7 Sr coats 4 
Averagetortype:---| 10:21) 0]. 6) Ol 0) ) 5)" 7 | = Sil 0 ler eset 
Acadia silt loam.------ fie) 0 | Chl AD) IES f= aye e222! | Pa ie AY 33 | 46 | 27 
Acadia silt loam.:..--- hd | 1 WH \) WO ee it}. 10 15 |» 14 37 7 16. 
Acadia silt loam......- (eA E22 al eoON 29 nlero 18 |) 22 41} 23 48; 31 38 
Acadia silt loam...---- 9.0 | O} 3 al 3) IHL) Bik |) 9 18 |—11 41 | 32 21 
Average for type... -| 7 | BO | WS | ae 25 | 10 | 40] 29|- 26 
Waverly silt loam... | 6.5 | 15) 20 | “a7 |) a7) (as Si 38 | 61 55 | 38| 54 
Waverly silt loam-..._ | 7.8) —7 9-7 —3)/—4 4| — 3] 37 AQ ol olee eal 
Waverly silt loam. ... 5.0| 28 | 20] 18-} 23] 22] 29 28 | 104 150; Ocha ge 
Average for type. -- | 6.4 WAY AG jf tle IG) | Th Pal PAN (O¢ 82 | 22 76 
Average for area... 8.3 | Op Peel OF sels) Wes Sal eet eats 14| 26 40 | 21 36 
TEXAS. | | 
| 
San Marcos area: | 
Blanco loam: —------- sf jf lly 21 OF 21s 2S 33 | 20 PAN 248! 37 
Crawford silt clay... [9.21 20) 21| 311 20) 40 Pea e220 42| 40| 52 
Crawford silt clay. - - | 92) — 7) 2) 19)i—1 8} 19 23 4 | 31 | 14 34 
Crawiord silt clay... Bish 13 25) e301 i 2o%h s0npe | 4,24 46| 56) 11 
Averagefortype...| 9.1| °9| 16| 27| 12] 26| 26] ~ 29] 16 40| 37| 32 
{ } ——————4 } =—— ————— 
| ell 
Houston black clay. -- EO Saleen |e Suile23 9g | 3{0) | 116) 21 +30 42 
Houston black clay --- 8.9 0 Avenel os peeled + 9 | 17 5 23 8 23 
Houston black clay. - (eOn ee 20) 21 SE e259) 10 3a) opal loony LY 42 | 10 38 
Houston black clay- - 8.1) — 4 HS |) il SS ep SA 19 6 | 260 Nao 
| SSS aS as 
Average for type - - - 8.0 6 Tea LAD eS lO see zon eel 28 | 18 34 
Averageforarea... | 85| 8| 12| 23| 14] 22| 20| 28] 14 32 | 26) 34 
Rusk County: | | | | 
Caddo fine sandy loam | 8.2 6 Zo eon ee ole as 47 a 47 | 61 57 
Caddo fine sandy loam | Bet 2D eat AO nse) AS) a5 ie 34a aly 36 | 62 40 
Average for type... 8.2 Qn | an | to 47 40 | 12 | 42 | 62 49 
Norfolk fine sand____ | Berea entoel eaten) 6) [Pe20) ed 49.| 21 55 86 48 
Norfolk fine sand____- | 7.8| — 4 8} 21 One i728 28 3 60 | 103 69 
Norfolk fine sand_____- 8.6 5 6 19 j— 3} 21 36 36 | 10 26 | 61 | 37 
Average for type..-. 8.3 ll TON Pla Gab ea Se) 234]. al AT. \/ 1.83) (Eames 
Norfolk fine sandy | | 
(Ohi A ese 7.5 20 28 38 41 42 62 65 21 64 105 62 
Norfolk fine sandy : 
LOGI eee hikes Ser Geil jin = Sil 3l 48 48 52 56 48 40 41 48 80 
Average for type. -..- 6.8 26) 30) 43 | 45 | 47| 59 SY/ |) ail 53 | 76 71 
Orangeburg fine sandy | | 
OPN Gi ieee ae 9.2 | —12 — 6 Wat i$) j= @ || tet 36 13 39 68 53 
Orangeburg fine sandy 
OAM As ears ke ae 9.2 0 2} 34/|— 1] 26) 26 26) oh 37 | 37 66 
Orangeburg fine sand. -| TO eae 20 roe 24 ee? Zell 39. 40 8 60 80 68 
Susquehanna fine | 
Sandy: logmess =95 ose 7.0 | — 38 0 9 ee 3 Sellers 9 |—11 | 26 | 29 36 
Average for area... .. 8.0 Gnlaeiie ese ts |e az 38 | 13 | 45| 67| 54 
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Tasie I1].—Percentage increase in growth attributable to the various fertilizer appli- 
cations—Continued. 











































































































Weight Gain or loss attributable to— 
of . 7 5 | P iT. an | | 
plants 
Soil type and locality. grown | | 
‘on un- Pee || Se. INS MPIKS PP NK RON} loeyl eKeN Io: |) Mio Gavitos 
treated | 
soil | | | 
TEXAS—continued. | | 
Miscellaneous: | ae 
Galveston clay, | Grams. | P. ct.|P.ct.|P.ct.'|P.ct. P.ct. PCE Ps Chale Coen AChE shee ee 
Gall vesvons sa. ae ae, 11.2.| —14 |—12 3! |=2d) |" OF A == 90) |= 8 — § 4 | 31 
Houston black clay | | | | 
loam, San Antonio..| . 5.8] 8 Foe) Las 12 |e LON et 19 | 19 — 7 
Orangeburgclay, | | | 
Maroney’s farm...... 8.6} — 3 De 3 le ees 14|/ 4 5-| 29 5 
Orangeburg fine sandy 
loam, Crockett....... Sil eee eres eae Otol r lea OO sear. 92 | 24 93 |- 19 58 
Orangeburg fine sandy At 
loam, Palestine. .._... ONS) Eee Sethe elle SO aye lien ual eT 21 7 32 |—-14 40 
» Orangeburg fine sandy | 
loam, Nagadoches... 8.8 iL Gal cols OM erste 43 24/] 16 24) 56 15 
Orangeburg fine sandy | 
loam, Palestine...... 11.4) — 7/— 4] -Y1:|— 8] 10] 14 14 15 9:|_ 37 | 43 
IOWA. | 
Miscellaneous: ee I 
Wisconsin drift (good) 9.6 | —10} 15] 30 |—13 | 34] 42 jaa en ees ee Aiea 
Wisconsin drift (poor) Ett 19 |. 347 53 |= 30°] 49] 79 SOU en | eau Se | 280 here eee 
Row am drity 2 7S... | 9.0 16 | 25] 28] 25) 47] 27 Of Nita joe cere | 69 |...... 
Missouri loess.:.-..... | 11.6 LOA Panne 24 2k a a9 ok a MA aU oe ellen le ol oe Sh ie cee = 
South Iowan loess. .... Bs Paes acc ill Bat 3h) 7 84 || | eis) 7 A (neat. epae eee —17 47 
Remnants i a 2.1: 5. 58 AB 483) AR | Bz Nees 1: 9 erat ig 4B, 94 ae 
ILLINOIS. \ 2 | | 
| / 
Marion silt loam........... een reeset er tae es I a Re eae De eur ol crt 
HeGusilt loam 2242222. Sl 7.0 3 8} 19 Salles OPEN MGs 38 | 26 45 
NEW JERSEY. a a . | 
= : } 
Miscellaneous: | | | 
Norfolk sandy loam, ! $5 4 uf Si 
Wioodbine.- jpei5.c2. 6.0 12 Dl eagles elas |e teen Li adil eee 
N orfolk fine sandy ra ay bares “1 Site 
loam, Woodbine..... 6.5 leer |e mw Oe eG. leap) bos 32) 7 31.| 28 | 42 
CONNECTICUT. . | 
\:3 
Connecticut Valley area: | | a 
Hartford sandy loam... Se) IISsr aes OEeae 18 3 — 6) 18 3). 10 20). |g Lr iee ees 
MARYLAND. jaet | | 
Miscellaneous: 
Leonardtown loam | . 
(EO YON 6 Die i Se eee a | 8.3 Gretel ae see ee 41 | 47 4G: 10 ses See =e Lah Peat 
Leonardtown loam ; 
(DOOD) hee eo COM fe aero! Me Olvera O.padd-) "22 |. 21 |. tee at 82 
Muck, peat, and swamp | 
soils: Pie's i f le 
TITEOIS eae Le 9.4 16 | 49 4| .39|+14} 40 25 He 33 | 45 51 
LOW: > Se eee 15.0 24 | 26 | 21 11 i 4| 15 20 = 14| Sonnets 64 te ae 
Wisconsin, Portage a4 : 
MOMMY: Soh 22... Hone AD aPoui als) <bL | BO! 39 47 | 23 41 | St 16 
Indiana, Newton | aa 
OORT Y 555 a0 = 662 4:4,|—25) 61 | 14) 66)— 7 | 41) 100) 14) 70 | 40 18 
Virginia, Portsmouth .|" a2, 53. | 112} 69 | 69::184) 75) 69°) 75 97-/| ATehs 472 
Average for type .... Wo. 8 | 22 (gk BG | 26 | 47 | 725,| 421°” Beeps BY 60. {°° 49. | 32. 89 
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COMPARATIVE EFFICIENCY OF SALTS USED SEPARATELY AND IN 
COMBINATION. 


Table IV, which follows, is primarily for the purpose of showing 
the wide variation in the aggregate effect of the three fertilizer in- 
gredients when used separately as compared with their efficiency 
when used together. This table gives the percentage increase or 
decrease in growth (the latter indicated by the minus sign) produced 
by acid phosphate, sulphate of potash, and nitrate of soda used 
separately; the aggregate increase attributable to these three 
ingredients; the increase when the three ingredients were combined 
and the difference between the aggregate and that observed when 
the same ingredients were used in combination. All soils having 
complete data for these observations are included, the total number 
being 190, and the data are arranged in a descending series, beginning 
with the greatest difference in favor of the sum of the ingredients, 
until the difference becomes zero, after which the series is ascending 
and the differences are in favor of the combination. A wide varia- 
tion is shown in the last column, the difference ranging from a max- 
imum of 165 per cent in favor of the sum of the ingredients to zero 
and then increasing to a maximum of 72 per cent at the other extreme 
in favor of the combination. 

Of the total number of comparisons (190) there are 71 soils in 
which the efficiency of the combination exceeded the aggregate of 
the separate ingredients, 117 soils in which the aggregate of the 
individual effects exceeds that of the combination, and 2 soiis in 
which the aggregate effect of the single ingredients exactly equals 
the increase in growth when those ingredients were used in com- 
bination. The number of soils that show very wide differences in 
respect to the aggregate efficiency of the ingredients as compared 
with the effect when the same ingredients are combined is small, the 
number increasing greatly as the lesser differences are approached. 
For example, 60 soils show differences of 9 per cent or less, while 
for 115 soils the difference is within the limit of 19 per cent. Within 
this limit of 19 per cent there are 51 soils in which the difference is 
in favor of the combination and 62 in which it is in favor of the 
ageregate increase for the same ingredients used separately. (See 
Table V following.) As a result of averages within these limits, acid 
phosphate gives an increase of 0.64 per cent, sulphate of potash 6.68 
per cent, and nitrate of soda 19 per cent, or a total of 26.32 per cent, 
as compared with 24.5 per cent as a mean effect of the same ingre- 
dients used in combination on the same soils. Within these limits, 
which includes 60 per cent of the soils, the average efficiency of the 
ingredients as measured by the growth of the plants is nearly the 
same whether used separately or in combination. It therefore ap- 
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pears that each ingredient has performed special functions which 
differ from and are independent of those performed by the others, 
whether the ingredients are applied separately or in combination. 

Of the soils in which the effect of the ingredients in combination 
differs from the aggregate effect of the same ingredients used sepa- 
rately by 20 per cent or more, 55 are in favor of the ingredients used 
_ separately and 20 in favor of their combination. Within the former 
group of soils there are 15 instances in which the aggregate increase 
of the ingredients when used separately is more than three times as 
ereat as when the same ingredients were used in combination, and 12 
instances where the aggregate is less than three times but more than 
two times as great as when used in combination. Within this group, 
therefore, the function of the several ingredients is to a considerable 
degree identical, at least so far as they effect an increase in the growth 
of plants, and one may be substituted for another to a considerable 
extent. | 

Of the soils in which the efficiency of the combination exceeds that 
of the same ingredients used separately by 20 per cent or more there 
are only 20. In this group the function of each ingredient is not only 
different from that of the others, but each is dependent upon the 
presence of others in order that it may have the greatest effect. 

There is no apparent relation either by soil type or locality with this 

grouping of the soils; neither do the soils of one group appear to be 
particularly more responsive to the complete fertilizer than those of 
another. Of 190 observations on each, the individual ingredients 
give negative results as follows: Acid prosphate 66 times, sulphate of 
potash 31 times, and nitrate of soda 22 times. The combination of 
all three ingredients gives a negative result only 9 times, while the 
ageregate effect of the individual ingredients becomes negative 21 
times. 
Table V shows the average increase produced by each ingredient, 
the aggregate increase, and the actual increase when the ingredients 
were combined for soils in which the aggregate increase from indi- 
vidual ingredients differs within certain limits from that obtained 
when the same ingredients were combined. 

There are ten soils in which each of the three ingredients when used 
separately gave a greater increase in growth than when all were com- 
bined and ten others in which two of the three each equaled or 
exceeded the gain produced by the three combined. (See Tables VI 
and VII.) These soils are not confined to particular localities or 
types, neither are they associated with high or low degree of natural 
fertility, as may be seen by the wide range in weight of plants on the 
untreated soils. 
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TaBLE LV.—Percentage increase in growth attributable to P, K, and N, and the sum of 
the same, as compared with the observed increase when a miature of the three fertilizers 
was applied. 


[Results arranged in descending series, beginning with the greatest actual difference in favor of the 
sum of the ingredients. ] 
























































Weight | Increase at- TIn- 
oF | tributable to— mu erease | yy;, 
: ; | | : f= 
State. [| Locality. Soil. DS | eaelc ieee EMR en ella 
treated | P. KEG Nes gad | to | Cee 
soil. Sale| 
Grams. P.ct. Pict. Pct. P.ct.| P.ct. | P.ct. 
Miroinitae eee Portsmouth... _-- hea) beg sie ane 3.2 | 53.) 112} 69 | 234 69 | 165 
North Carolina.| Edgecombe... .-. | foe fine sand 4.8} 44) 42| 63 | 149 56 | 93 
oam. 
Mississippi.___- Pontotoc County.) Lufkin silt loam.-- De Sal, RAL Naa a5 2s eases gy 50 87 
WOuUisianas eee Caddo Parish.....-| Caddo fine sandy 4.4) 18 18 | 86 122 36 86 
loam. 
Mexas eee ee Rusk County...-.-- Norfolk fine sandy 6.1] 31} 31] 48) 110 48 62 
loam. 
Louisiana... -.- Caddo Parish...-- | Norfolk fine sand -. Solel onl: eel O2m pent 51 59 
North Carolina.| Iredell test farm.) Cecil clay ..-..--.-.- 45} 86| 34] 42) 162 105 57 
Mirginiga ee. Louisa County ---| Cecil loam ...-.-_.- LBD) Akon PA Tay | WSS 102 56 
Louisiana —:__- Caddo Parish.....| Miller fine sand-..-- Tali bE BO I) 57 1 56 
North Carolina.) Pinehurst ..------ Portsmouth sand.. 4.8; 42.) 26) 42} 110] 56 54 
Missouri: 2-2-: Crawford'County.| Clarksville silt 66h 20h ie tome 58 7 51 
loam. 
Towa erence oe ATMOS EY See Ree Peat bese sca eee 15.0 | 24} 26) 21 71 20 51 
Mexas hese a San Marcos..------ Crawford silt clay- Cee AD: eit) ail 72 | 22. | 50 
North Carolina.} New Hanover | Norfolk sand...--.- 4-1) 37} 41 | 122) -200)| 151 49 
County. | 
North Carolina.| Blantyre. .....--- Porter’s sandy 4.5 |. 4 | 44 | 20 68 | 24 44 
| = 10am. 
Iilimoiss= seco ss" eManiitOmeeee soot MUG kes eet erat 9.4| 16] 49 4 69 | 25 ie 
Lowisiama..._-- ("Caddo -Parish. = | Miller fine sand __.. Stahl peel 2 120 3S 62 19 43 
Louisiana... --- Caddo Parish.....! Caddo fine sandy 6.0 6 | =17 | 26 49 8 41 
| loam. | 
A VASGCOISITIE Se sites es Nee eee eta Muickee ares SPAN PA SE IL 88 47 | 41 
imdianaeee sss Newton County .-; Marshall loam.._.. 7.6] 17) 22 17 56 | 16 | 40 
Mississippi...... Montgomery | Orangeburg fine T.5 24) 207° 43 87 48 39 
County. | sandy loam. | | 
Mloridayeen-sa=" EscambiaCounty-.| Norfolk fine sandy 3.3 | 24] 36] 27 87 48 | 39 
loam. 
ATKANSHS 22256 = Prairie County -..| Waverly silt loam. 5.0] 28] 20) 18 66 28 | 38 
Mexas Sess sr San Marcos area... Houston black TAO 20) | ileal 72 35 | 37 
clay. | 
South Carolina.) York County..--- | Cecil sandy loam. . 7.0 | 40 31) AS 71 34 | 37 
New York. ....| Geneseo........ ..| Dunkirk clay loam. 8.9| 16] 29] 20] 65 ISA ts 37 
Mlonidal zeae | EscambiaCounty.; Norfolk sand...__- Reale aay, | Pie Se4alh 235) 82 46 | 36 
Mloridam =. 2: | EscambiaCounty., Norfolk sand. .---- 524512 16) =a18e eel 47 11 | 36 
New York. -.-..-| Genesee County.... Dunkirk clay loam. TOS 2 ee slelel eal 40 5 | 35 
Florida ........| EscambiaCounty.| Norfolk sand ...... 7.2 4 | 1OsEe33 56 22). 34 
Georgia se Waycross area ..- us fine sandy Tao) | alt= 284|) G05)— 105 73 j 32 
oam. 
North Carolina-| Raleigh. ---..---- Cecil sandy loam... 4.1} 20); 31) 30 81 49 32 
Mississippi... --- | Montgomery | Lintonialoam...-_- 8.5 TV We, N29 53 22 31 
| County. 
AT KAmMSaSs 255-5 | Prairie County ...| Acadia silt loam.-- TA | 22-208) 229 71 4] 30 
Imdianas seca | NewtonCounty.-.| Marshall fine 6.3 il Ae 9 26 — 4 30 
| sandy loam. 
GeOTeIa esos | Waycross area ..-|, Norfolk sand .._..-. 5.6 |— 4] 30] 61 87 57 50 
POXAS eee ae | Rusk County..--- Gadde fine sandy Seite rer alalel i 210) 63 34 29 
| oam. f 
Georgians. -22 | Waycross arfea . .. Nortel fine sandy B29 1 AL | S29 eer 4a ts 86 28 
| oam. 
North Carolina.| Tarboro.....----- Norte fine sandy SsOn| 2M le Deal eae 89 63 26 
| oam. : 
MOXa'S Maes , San Marcosarea.-.| Crawford silt clay..| S284]. tsa 25 30 68 42 26 
Arkansas......- Prairie County-....)| Crowley silt loam..| 10) | SOS Onis 53 27 26 
Arkansas.....-- Prairie County-.-.| Morse clay........- itil 5| 13) —3 15 =—l1 26 
Louisiana.--...-| Caddo Parish.---- Norfolk fine sand.. 54 21 On al 81 56 25 
ATKAMSAS 5.2 15 - Prairie County-.-..| Crowley silt loam-..| 8.1 9; 14 2 25 0 25 
VOWe eee eee | AICS He ene eee EVVASCOMSIM  Gititct| Hote || oO e3 4a oe 5a eee OG 82 24 
(pocr). 
Arkansas... ..-: Prairie County .... Waverly silt loam. 6.5) 15) 220°) 27 62 38 24 
Mexais ese Say Marcoss-e-ee sb lancorloumes see 8.7 | Te S21 el eee, 33 24 
Maryland....... Leonardtown...--| pea Bees loam | 8.3 16 | Neda eee O 46 24 
good). 
Georgia-......-.| Waycross area, .. | Portsmouth fine | 521 6 etal GoMee tao 77 } 23 
| ‘sand. 
Alabama....... Lee County....-.... Norfolk sandy TT TOM tog bo 86 Gaul eees 
loam. 
Louisiana....... Caddo Parish..... Caddo fine sandy 5.0 —10 4) 3327 4 | 23 
loam, ! 
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TaBLe TV.—Percentage increase in growth attributable to P, K, and N, and the sum of 
the same, etc.—Continued. 





In- | 
























































Weight | Increase at- 
sh tributable to—| of ope 7 
State. Locality. Soil. ane ; |p, K, | attr for. 
‘ treated P K N and’ t en 
soil. ; . : 7 We Ke | 
PT ei eae — | ——— -- } —— —— ine? © — 
Grams. |P.ct. ee pee PSChe Wok = Cts PSE 
exas ose see | RUuskeCounty.-2.- = Norfolk fine sand.}| 8.5) 14/ 16] 41 71 49 2 
Alabama. ...--- Mord’s farm... Orangeburg clay...) OF Ie ho 22" 2a 18 t49 88 67 21 
Texas.-.....--...-|, Rusk County.....| Norfolk fine sandy | Ceo Wl ae ee Ue Reed east) 86 65 | 21 
7 loam. 
Indiana......... |v ippecanoe Miami silt loam... 5.6| 30] 21] 28] 79 58 | 21 
ounty. : 
Louisiana.......| Caddo Parish..... Norfolk fine sandy 5.6 |— 3 | 20) 35 52 33 | 19 
loam. 
North Carolina | Biltmore farm.....- Porters clays:--2- =. 12.4) 11) 15) 18 44 25 | 19 
North Carolina | Wake County.....! Tobacco soil......- 4.7 9 | i 28 48 30 | 18 
Louisiana.......| Caddo Parish... -- -| Orangeburg fine 7.4 Se LOY ork 39 21 | 18 
| sand 
Ohio.. ..-| Westerville area... Miami clay loam... Gala tT Sa ae ELS 31 13 18 
Mississippi... ---.-| Pontotoc County.. Orangeburg sandy 1.6°| 17 j—_2>} 28 43 26 17 
| loam. 
New Jersey....| Woodbine........... Norfolk sandy. G20 12 9 ie) 37 20 | 17 
| loam. 
Missouri........| Scotland County.) Shelby silt loam.... 9.6 i | 24] 14 45 28 17 
Pennsylvania...| M a ntgomery | Lansdale silt loam 9.9 0 | 23 1 24 7 | 17 
ounty 
Georeiae-nes2 | WayGrosss:.. 2225 - | Norfolk fine sand. 6.0 5 | So)" bs 66 50 | 16 
Wisconsin... ..- Portage County...! shea Sandeeaseene 6308) 20h RS aS omnes 39 = 
Mississippi..-...| Pontotoc County UfkinlClaye=ses- see 6.4 8 8 | 28 As 28 1 
Mississippi.-....| Montgomery | Memphis silt loam. 7.0 7 9} 14 30 14 16 
: County. 
Pennsylvania... ys ntgomer a ‘Penn silt loam-. 12.3 Sey l2 8 28 13 | 15 
ounty. 
New York:..... B 4 5 1gh amton | apa gravelly 6.6 4 5 uel fed HL 16 1 15 
; | sandy loam. 
Louisiana...... Grado: Parishes >.- | Nova fine sandy - 9.6 |— 8 9|{ 13 14 — 1 15 
oam 
Wexgghses--- 2-4) Rusk County... ..- | Gadde fine sandy 8.2 6 2) 53 61 47 14 
, oam. | < 
WexaS=-!-5--2-- - |) Nagadoches...- --- Crneep ure fine 8.8 1 |g Deg 38 24 14 
sandy loam. 
Si FeO SRO eee eae Volusia silt loam.. 6.6 4|° 22; 10 36 23 13 
LOW Onis dbese ac Stee ae eee Se ae Iowan drift......-- 970) |. 165) 25" |5 28 69 57 12 
INVES Ai Coe el a ee Volusia silt loam.. 4.8)—2| 15) 34 47 | 35 12 
Wisconsin...... Portage County..| Marshall sand...-- 8.4 it el Peet 47 35 | 12 
Virginia.........; Louisa County ...| Cecil sandy loam... te2 | 24 513 42 30 12 
Arkansas.......| Prairie County-...| Calhoun clay........ FB kale 2) agra 2 ia | 38 | 26 12 
New York..._.. Binghamton area. Ae gravelly 10.6 OCHS 1 19 e | 12 
oam. | 
Georgia-........| Waycross area... - Ab fine sandy 7.9 1 | 5} 29 35 24 11 
| oam. 
Florida..........| Escambia County | Noe fine sandy 8.4) — 7 ela a 15 22 | 11 11 
oam 
New ‘York......| Tompkins County} Denkirk clay loam. 9.0 1 os I18 22 | Il 11 
Louisiana.:-....| Caddo Parish... .-. Norn fine sandy 8.7 | aes 7 20 9 11 
oam | 
Wisconsin...... Portage County...| Miami sandy loam | QO) 4s ees 2 14 3 | 11 
Georgia.........] Waycross area... .| pour sandy 5.0 0 }816") "°° 20 36 26 | 11 
oam. 
North Carolina. ne w Hanover Fopreuiou fine 3.0) 13, 30} 7 | 120 110 10 
ounty. Sand. } 
North Carolina. | Statesville... ....-|, Lredell clay loam... ries 7| 21| 16 44 34 | 10 
Wexes-2----23-_..\ Rusk County... -- Orangabure fine 9.2 0 2) 34 | 36 26 10 
sandy loam. 
SERVED ne fon. sac aie ern ep ee we Volusia silt loam. . i am lg ibe to ett 30 20 10 
Louisiana... -... Caddo Parish.....| Norfolk fine sand... 5.3} 15; 21] 32) 68 59 9 
aren Carolina - phercues: Connty’: eel Guy seins. a - i = 3 Fi : 
; ‘(Mee ecil san oam..- hive: 2 
ee Siesaeay Mes oat Miami nee PE i Nechal aps faa PEG, ew Re eae eh cy 9 
Tllinois......... Pulaski-. 0520: Red silt loam...... Z| tl ee AS | 30:) ap 8 
Wisconsin Portage County ..| Miami stony sand .. 9.9 6/ 13) 11] 30] 22 8 
Florida.........| Escambia County. Portsmouth sand. .| 8.3 2} 5| 12 19 | 11 8 
poh Carolina. Cherokee County - fe BRE Se B¢ 2 F | a4 | oe ay i 
Rinbema Sead Pie teetin Orangeburg clay 103| 3} 61 17] 26] 19 | 7 
South Carolina.| York County..... Iredell clay loam... a8 0 6| 19] 25 | 18 | 7 
Wisconsin. ----- Portage County .. earn gravelly 11.0 ‘ea 1 j|— 2 | i eee | 4 / 7 
oam. re 3 | ; . 
Pia pama 2-3. heeiCounty.---- Seer coarse 5.3 |= 7 | 15 | 48 56 | 50 | 6 
sand. 2 ’ 
Arkansas.......! Prairie County .../ Acadia silt loam.. 1.2! .0!1 4 29 33 | 27 6 
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TABLE IV. — Percentage increase in growth attributable to P, K, and N, and the sum of 
the same, etc.—Continued. 



































ella [ell coll =) Orr bobo bo 


| | Weight | Increase at- | i" In- 
| of  tributable tome oF beASSe Wipe 
State. Locality. | Soil. ieee? fis, ees fer- 
l and © | ence. 
|treated| p | x N N to 
| soil. | pores = San | a La REN 
| | | | 
GT QMS: \:l2-ChVi2- Gh «| 2= Gtalk Gia ke iin [ela Cee 
Arkansas... ..--- | Prairie County . Morseiclay. 5-2----. 10. 8 4|— 3 2 | 3 — 3) 6 
Georgia........| Waycross area...) Norfolk sand.....- 6.1 — 2 —5| 36] 29; 24 5 
Texas ees ae | Rusk County ....- ~ Orungebe fine 7.5 |— 7} 20] 31) 44) 4C | 4 
sa 
Varginias. 2.02 "Hanover County... 2 perelk sandy (bs: Sa eels is 20uie 345) 30 - 4 
oam | | sor 
Georgia. .-=---- | w aycross area.- | Noriolk fine sand. . | Ta Wen een 7h Pleas Land rer Rif | 74 3 
Arkansase. 2-32 Prairie County .-.| Acadia silt loam-. eae (2) SOS ea Se 15 3 
Pennsylvania... Montgomery | Hagerstown loam. 1OFS) | les |Z eee | 9 3 
County. 
Tennessee... --- Henderson. Lexington silt ED 1 1S eSOne a8 36 2 
| County. loam. 
North Carolina | Asheville..... .-. Porters clayces---= DSO —= (ON ae e209 mile Le 19 
Mexns se ees ed San Marcos area-.-| Houston blackclay 8.9 0 AS MSU |) IN) | 17 | 
IMISSOUTIs eae Crawtord County - aEeavills stony 14.6 4 3 j/— 2 5 3 
oam. 
Dexads PSs 2 ote Maroney’s farm... Orangeburg clay . - 8.6 — 3 Lee | LiFe eo 14 
New York.....| Tompkins County Dunkirk loam..... 8.4 — 4 Pee aye lass 12 | 
Imndianartscee--- | Tippecanoe | Marshall loam..... 9 5— 3 2 {fe} 6 6 | 
| County. | 
Arkansas......- | Prairie County ...| Morse clay. ....-..- 88 —9 8 1 | 0 i) 
Arkansas....-.- | Prairie County .... Crowley silt loam --) LS 5 SS I tS) 0 2 3 
indianga==- 52. | Tippecanoe | Marshall silt loam.) (AY 4 1 6 11 AD, 
| _ County. 
Arkansas: —..-. | Prairie County...) Acadia silt loam... 9.0 Oatmeal 6 | iia 18 
North Carolina.. New Hanover | Norfolk fine sandy | 13 3 Sul S22u be O28 29 
County. loam. 
New York. ...- Tompkins County Dunkirkclay loam | 4.5 —18 4) 55 41 42 if 
Ohio sees: Ae! | Westerville area... Miami loam.......| 86 — 8 3|—2\—7 —5 2 
Arkansas==- -- = | Prairie County. .. Waverly silt loam. 7.8 \—7 DEST || = os ae 2 
South Carolina.) Cherokee County.. oa fine sandy | 5.9 — 3 7 | 46 50 52 2 
oam. 
North Carolina., Statesville.....--- Cecil clay (good) . 8.8 0—2\—4 —6 —4 2 
MRewas ay se se = |-Galveston=- =)... Galveston clay...-. 11.2 —14 |—12} 3 | —23 —20 3 
MOKaSHes ce ee Rusk County..-.-.- Susquehanna fine 7.0 — 3 Of9 6 9 3 
sandy loam. kee | 
RexHs 5a8 252522 Rusk County...-- | Norfolk fine sand. .| Tekh et 8| 21) 25] 28 3 
Kentucky .-22- ane Cracken | Memphis silt loam. 5.0) j|—-3 3 | 39 39 | 42 | 3 
: ounty. 
Alabama.......| Lee County...-..- | Norfolk sand ...__- 6.8 9} 10| 40] 59 | 62 3 
WOW ae ee ee JOO Maas soe ee | ISepochnagaillle se ss = 5.9 Tl De AR oe OR 73 | 3 
Louisiana.....- Caddo Parish. ---- Caee fine sandy | 8.8 —7 5 7 5 oo 4 
oam 
TeGxaSteeeee es San Antonio. ...-- Houston bled clay | 5. 8 8 1 j— 3. 6 | 10— 4 
oam 
North Carolina. Statesville........) Cecil clay (poor)... Qe =i 1 0 0. | a 5 
New York. ... omp kins | Miami stony loam. 9.6 4 1 it 6 11 5 
County 
Georgian es 425 WiayCross =F Norole sandy 6.5.7 11-15) 54/5) 804 85 | 5 
oam. 
Arkansas...... Prairie County -..| Crowley silt loam. . (A= Deis Oy 1 e} 6 
Marylang...... Leonardtown. .... Sr aes 65514 — eli aon temas, 16 22 6 
oor) 
Mexaseeens ace | Rusk County. ..-- Norfolk fine sand.. 8.6 5 Sake ab 36 6 
Alabama. ....-- Rawles’s farm.-.. pee ase sandy | 8.1 6— 5} 4] 5 12 7 
| oam 
MOXA S Sateen San Marcos area. -| Houston black clay, 8.1 — 4 — 5} 21 12 | 19 7 
Alabama.:...-- Lee County=. <= -2 | Norfolk sand-.-... 4.77 —1—1) 30 28 | 35 7 
South Carolina.| Cherokee County .)| Cecil sandy loam...) 6.9 —12;) 28] 35 51 | 58 oD 
Mississippi. - --- we ntgomery | Memphis silt loam.) 8.6 —13 6] 12 5 13 8 
ounty. | | 
Louisiana...... | Caddo Parish....- | Orangeburg fine | 6.5 3 Sree O 6 | 15 9 
| _ sandy loam. 
EXAS2 io te- sess San Marcos area..| Crawford silt clay. 9.2.\— 7 2| 19 14 | 23 9 
South Carolina.| Cherokee County.) Cecil clay-.-....-.- 7.4 —4'— 6] 36 26 | 35 9 
Virginia......-- Pocahontas field. .| Cecil clay.......... 11.7 — 3 4\|— 3} —2| 9 11 
Mississippi- ---- Pontotoc County. Monroe silt loam... 8.0 —4—6] 13 3 14 ll 
Néw, York 225 Binghamton arei.; Wabash loam ..-.-.| 10:6 — 1 1 BY ena 15 | 26 | 11 
MISSOUTI == sere | Crawford County., Wabash silt loam. .| 7.6 —11 1j— 3} —-13/} —1)] 12 
Georgians. --5..| Witty Grosshen caer _ Norfolk sand...... 5.5 — 9] 24} 45 60 | 72; | 12 
South Carolina. St. Matthews...-. Sas ape gues sendy. 11.8 ON 242 15 13 | 26 | 13 
_ loam 
PEKASS Se 5 See Palestine==-22 5-2¢ | Orangeburg fine 1.4 j— 7 |= 4) 14 | 14 


sandy loam. 
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TaBsLe IV.—Percentage increase in growth attributable to P, K, and N, and the sum of 
the same, etc.—Continued. 



























































Weight Increase at- | Sum | In-. |. 
of tributable to—| of | CTeaSe| yiz_ 
State. | Area. Soil. Pee a ake he ARE pa fer- 
and | Utable | ence 
treated Pose ON N to 
soil. : a Mea omit) i 52 
[ieee ay, PRS ES Petey 
Grams: |P.ct.|\P.cb.|P.ct.\\P. ct. P2ét. iP. ct: 
Pennsylvania... Montgomery | Chesterloam....-..- 7.8 | 0 Qala. 4 13 | 27 14 
County. } 
North Carolina.| Union County.....| Silt loam........-- 4.6 — 4 0 | 32 28 | 42 14 
Alabama. ....-- Lee County....... ADR sandy 6.1 —14 4| 42 32 46 14 
oam. 
North Carolina. Py Hanover | Norfolk fine sand. . 6.4 3 On| a7 49 63 14 
ounty. 
Ohion se. ses Westerville area. . a ee black clay 8.3 |—11 6|—2|—7 8 15 
oam. 
oOnidar so 4.52 - Escambia County Nortolic Ang sandy 5.5] 10] 12 /— 5 17 32 15 
oam. 
UM ORS ee ees Be So BS Marion silt loam. . . 7.7 \—i3 |— 8 |— 3 | —24 —8 16 
Louisiana... ---- Caddo Parish..... Orangeburg fine 5.0) 0 Gall 16 16 32 16 
sandy loam. 
Wisconsin... ..- Portage County. .| Portage silt loam.. 8.7) 2 |—-16 — 2} —16 | 1 17 
Alabama....-.. Iiee County. -.-..- Nenox coarse 6.4 |—12 0| 20 8 | 25 17 
sand. } 
NOW OSS CEE Sho os BENn eee eee errr Wisconsin _ drift 9.6 |—10 | 15] 30 35 52 17 
: (good). 
Georgia...-....! WiaivGlOSSS.--5-2 =. Portsmouth fine 5.5 2)| 18} 33 53 71 18 
sand. 
Mississippi- ---- | Mo ntgomery | Memphis silt loam. 10.6 _—13 |— 3 |— 2 | —18 1 19 
ounty. 
Pnd@iana 2. _ Newton County -.| Clyde fine sand.... 12.6 |—21 |— 2 |—14 | —37 -17 20 
Mississippi. ..-. ue ntgomery | Memphis silt loam. 9.5 |—16 |— 9 0 | —25 — 5 20 
ounty. 
New Jersey... .- Wioodbinese ee a Noriolk fine sandy 6.5 1 1 9 11 32 21 
loam. | 
GeOreige s- = -- WiaivCTOSSs4- 2 42e- Norfolk sandy 7.0 — 7] 14] 36 43 64 21 
loam. 
Wirpintd. 2. 2.2 Hanover County..| Wickham sandy 7.5 |— 3 Gye wil 13 36 23 
loam. 
Misbama =. 5. JWIEB BUOY NS Set oe eeee Orange pure, sandy 4.8| 14 (Gi oe 46 69 23 
oam. 
Georgian se-se- IWELV. GLOSS. see sere Portsmouth fine 5.2 1] 15] 50 66 90| 24 
; sand. 
North Carolina., Chowan County... Portsmouth silt 4.5 Ph) AK ae! | 35 62 27 
| loam. 
Wisconsin... --- | Portage County..| Portage silt loam. . 10.0 —11 |— 9 |— 6 | —26 3 29 
Mississippi. - - -- /'Montgomery | Memphis silt loam. 10.2 — 3 |\— 2 |—15 | —20 12 32 
| County. 
Alabama. ...... | Lee County. ....-- , Cecil sandy loam... 5.6 |=11 |— 7| 29) I1 43 32 
Mississippi. - - - - Pontotoe County.) Orangeburg clay... 6.6 — 9 el) ee eb. 45 33 
Georgia...._... | Waycross........ Norfolk fine sand. . (BC SP epee 14 34 
Mississippi. - -- - Montgomery | Memphis silt loam. 11.2 |—10 — 7 |—11 | —28 8 36 
County. 
NOK eit | Rusk County. .... Orangeburg fine 9.2 \—-12 — 6) 14! — 4 36 40 
sandy loam. 
Louisiana...... ' Caddo Parish... .. Norfolk fine sandy 7.9 1 — 5 —10 —14 35 49 
oam | 
bediama.. 22-5: =. - NewtoniCounty, 24) Mueks* = 22-2... -2- 4.4 |—25| 61) 14| 50 100 50 
South Carolina.. York County..... Cecil sand........- 3.9 /-15 —8| 26| 3 54) 5 
Louisiana... .-- Caddo Parish. .... Orangeburg fine 5.0 —22 —10 —10 —42 28 | 7 
sand. 
Rhode Island.., Kingston......-... Miami silt loam.... 3.6 |— 8 —19 |—14) —4l 31 72 








30 


FERTILITY OF SOILS AS AFFECTED BY MANURES. 


TABLE V. Slee percentage increase in one attributable to P, K, and N and the 
aggregate increase of the same salts used individually as. compared with the actual increase 
when the same salts were used together, averages being for the soils in which the difference 
between the aggregate and actual increase is within limits indicated in the first column. 














Range of Green 
differ- eee weight 
ence. * lof plants. 

Per cent. Grams. 

60+ 5 4.8 
50-59 8 0 
40-49 7 6.4 
30-39 16 6.7 
20-29 19 ie, 
10-19 35 7.6 

0-9 28 8.3 
9-0 32 7.6 
19-10 20 7.9 
29-20 9 a | 
39-30 5 8.2 
49-40 2 8.6 
50+ | 4.2 




















Increase attributable to— Increase | 
Sum of | attribu-| Differ 
P, K, | table.to an 
P. K. N. and N. | mixture| C7°°: 
of PKN. 
Per cent.| Per cent.| Per cent.| Per cent.| Per cent.| Per cent. 
37 49 64 150 52 98 
31 31 38 100 46 54 
19 30 35. 84 41 43 
16 22 31 69 34 35 
13 19 38 70 46 24 
6 12 22 40 26 14 
il 5 22 28 23 5 
— 2 eae NZ 19 23 — 4 
— 5 4 14 13 28 —15 
— 4 4 14 14 37 —23 
— 8 | —5 4 —9 24 —33 
— 6 | —5 2 —9 36 —45 
—18 | 6 4 —8 one] —61 











WA BTR VEL — Ten 


soils in which percentage wncrease attributable to each % 


greater than that produced when all are combined. 











| : Increase In- 
Neen attributable crease 

saa to— Sum | attrib-| Dif- 

State. Loeality. Soil type. annie of | utable | fer- 

j : Treated PKN. | to mix-) ence 

: | PKN 

5 Grams. \|P.ct.|P.ct.|P.ct.| P.ct. | P.ct. | P. et. 
Louisiana -..-.--- Caddo Parish. -.-. ae fine sand .. 3 || Zl BB) 10 57 1 56 
WOW obese ll WAC CS seer eae stpyhee | POA Gea Weulci sss ae STON 2426) es 71 20) } 51 
Missouripess-ee Cr awtord County. Gee silt G3GR |e Zone elo Wy | 58 Uf 51 

loam. 
Inidianties q25e2- Newton County .-| Marshall loam...- 7B Ne Sel Bey 56 1G aoe 
lonidaesee sone Escambia County.| Norfolk sand. ...- D4 ONS js 47 iy 23 
New York.. --- CCINCSND) Ue seacG oe Dunkirk clay 10825 ets ees 40 5 35 
loam. 
Imdvanaceeeese- Newton County ../ Marshall fine 6.3 a |) 9 26 — 4 30 
sandy loam. 
Arkansas. ...-- Prairie County -...) Morse clay...-.-.-- ii{, i BS) 1B} jou 8 15 —l1 26 
Am Kansas sees Prairie County -.-| Crowley silt loam. 8.1 yyy ald! 2 25 0 | 25 
New York.. .-- Binghamton area.| Dunkirk gravelly 6.6 4 W dui 16 | 1 | 15 
sandy loam. : ae 

Mvecacere ore Wore oa ea al) eat 41 e336 
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NITRATE OF SODA ALONE AND WITH OTHER SALTS. ot 


Tasie VII.—Ten soils in which two of the three ingredients each produced a greater 
increase than. when all three were combined. 





























ae Increase / it 
Weight | attr ibuts ible Piet: 
ie pests! to— | Sum |attrib-| Dii- 
State. Locality. Soil type. a sale gs | of | utable | fer- 
| iideted ihe | P KN.| to mix-) ence. 
soil P: k. | N. ture of | 
: k PKN. 
eer, | Grams. sack: Ip. ct. IP. Ch Petr Fis Ch de xOh: 
Mirginias =.= Portsmouth...... POR G aaa <6 8 ae see 3.2) 531112} 69 | 234 | 6 ans 
Louisiana... ---. | Caddo Parish. .... | Nor foik fine sand.| 3.7 |— 3} 51 62] 110 | 51 59 
Louisiana... .-. | Caddo Parish. .-.. Caddo fine sandy 6.0 Ok ale 26:1) 49 | 8 | 41 
loam. 
Louisiana... .. Caddo Parish. .... Caddo fine sandy 5 Osi — 1 Get a 4 lease 27 4 23 
|* loam. 
Louisiana... -.~- Caddo Parish. .... | Norfolk fine sandy | 9.6 |— 8 | 9°|' 13 14 — | 15 
| loam. | 
New York.. ... Binghamton area.| inert gravelly 10.6 eeOvl 9 ] 19 7 12 
| loam 
BLOniGa=s oe -k 2 | Escambia County-| Norfolk fine sandy | Sanita 15 22 11 11 
loam. 
Wisconsin... ..| Portage County.... Miamisandyloam.} 9.0 4 8 2 | 14 3 11 
ATICAMSAS) /. =. 332 | Prairie County....| Morse clay.....--- 10.8 yA (=a J ea 3 — 3 6 
BMI SSO UG a eee Crawford County -.| Clarksville stony 14.6 4 3 |— 2 | 5 3 2 
loam. 
| Neuer AE Cheated 1 lege On lad SL a rata he Pee) | 10 | 15 35 

















NITRATE OF SODA ALONE AND WITH OTHER SALTS. 


A study of Table IV shows that in 66 per cent of the instances 
nitrate of soda when used alone has produced an increase of growth 
which equals or exceeds that produced by either sulphate of potash 
or acid phosphate. 

A tabulation of the data for nitrate of soda and of combinations 
in which it enters shows that the nitrate of soda has a marked bene- 
ficial effect on the majority of soils which on an average is not 
increased by the addition of acid phosphate. A comparison of the 
nitrate with the nitrate-phosphate column shows a difference in 
favor of the former in slightly more than half of the comparisons. 
The average of these two columns shows a difference of less than one- 
tenth of 1 per cent. 

Nitrate of soda when supplemented with sulphate of potash gives 
an increase in growth which in 74 per cent of the instances equals or 
exceeds that produced by nitrate of soda alone, the average result 
being 8.5 per cent in favor of the combination. When this nitrogen- 
potash combination is still further supplemented by acid phosphate 
there is on an average no additional increase in growth. In fact the 
instances in which the nitrogen-potash combination equals or exceeds 
that of the complete fertilizer are slightly in the majority. The 
tabulation above mentioned is not published, but the same facts 
may be gathered by careful study of those columns in Table III, 
which give the results for nitrogen and all combinations into which 
it enters. 
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SULPHATE OF POTASH ALONE AND WITH OTHER SALTS. 


Sulphate of potash when supplemented by acid phosphate pro- 
duced an increase in growth, which in 50 per cent of the soils exceeded 
that produced by potash alone, the average increase being one- 
tenth of 1 per cent in favor of the combination. When the potash 
salt is combined with nitrate of soda there is a marked increase in 
growth over that produced by potash alone, which, on the average, 
is not further increased by the addition of acid phosphate. In 86 
per cent of the soils the effect of potash combined with nitrogen has 
equaled or exceeded the effect of potash alone. These facts are 
brought out by a study of the columns in Table III, in which potash 
occurs, omitting all soils for which the data for this salt and all its 
combinations are incomplete. 


ACID PHOSPHATE ALONE AND WITH OTHER SALTS. 


Referring to Table IV, the striking fact is the large number of 
instances in which acid phosphate gives a small or negative effect. 
The efficiency is quite regularly increased (see all columns of Table 
III in which phosphate enters) as each fertilizer salt is added, the 
exceptions to this being mostly for those soils in which the efficiency of 
the complete fertilizer as a whole becomes quite small or is negative. 

In the life and economy of the plant, phosphates are generally 
recognized to be instrumental chiefly in the production of seed or 
fruit, and have a tendency to hasten maturity, and may influence 
the color and quality of the fruit. It is also known that plants do 
not absorb extraneous phosphates during the very early stages of 
growth. From the standpomt of the requirements of the plant, no 
response would be expected from the phosphates, and it is, there- 
fore, not strange that in many instances a small or negative effect 
has resulted from their application. It should be borne in mind, 
however, that this is not a study of the plant’s requirements, but a 
study of the fertility of the soil as affected by fertilizers and that the 
plants have been used merely as the indicator of the degree to which 
fertility has been affected by the various applications. It is now 
contended that aside from the direct action that various salts have 
on the growth and economy of the plant, they may also act directly 
on the soil, thereby increasing its fertility ina way not fully under- 
stood. 

An inspection of the tables will show that while small and negative 
effects have often resulted from the phosphate, there are 55 soils in 
which the increase in growth attributable to this salt when used 
alone has ranged from 10 to 50 per cent and in two instances even 
more. 














LIME ALONE AND WITH FERTILIZER SALTS. 33 
LIME ALONE AND WITH FERTILIZER SALTS. 


Table VIII shows the increase in growth attributable to lime, to a 
complete fertilizer with and without lime, to manure, and to cowpea 
vines with lime. ‘The soils are arranged in a descending series as 
determined by the efficiency of the complete fertilizer without lime. 
Lime alone shows quite a marked effect in the majority of the soils, 
and while its efficiency corresponds in a general way with that of a 
complete fertilizer there are numerous exceptions to this. The lime 
may have little or no effect where the fertilizer is markedly beneficial. 
For example, in the upper portion of the table where the figures for 
the complete fertilizer range from 50 to 75 per cent increase in growth 
there are 8 soils on which lime gives less than 10 per cent increase, 
while in the lower portion of the table where the complete fertilizer 
does not exceed 11 per cent there are 7 instances where the increase 
in growth attributable to lime exceeds 30 per cent. As a rule, the 
efficiency of the complete fertilizer has been appreciably increased by 
the addition of lime. There seems to be little evidence in support of 
the contention sometimes made that the benefits due to lime are 
attributable to its favorable action on nitrification. 

A study of Table IX, which summarizes the results of Table VIII 
and all data for the same soils in Table III—1. e., gives the mean per- 
centage increase in growth attributable to the several fertilizer 
salts and combinations for groups of soils in which the efficiency of 
a complete fertilizer falls within certain limits as given in the second 
column—shows that as the efficiency of a complete fertilizer declines 
there is a corresponding decline in the effect of practically all ingre- 
dients and combinations. This is equally as true for manure or for 
potash and phosphate as it is for nitrate of soda and lime, so that 
the parallel decline in the lime and nitrate columns in the table loses 
significance. Of the soils in Table VIII, where the efficiency of a com- 
plete fertilizer is not less than 25 nor more than 75 per cent, there are 
17 in which the efficiency of lime exceeds 35 per cent and 31 in which 
it is 10 per cent or less. As a result of averages of these two groups 
of soils, we get the following results: Seventeen soils (lime giving 
increase of 35 per cent or more) average efficiency, lime 63, N 35, 
NKP 49; 31 soils (lime giving increase of 10 per cent or less) lime 4, 
N 24, NKP 40. The effect of nitrogen is obtained from Table ITI. 

The difference in the efficiency of lime is here very marked, drop- 
ping from an average of 63 per cent for the 17 soils to only 4 per cent 
for the 31 soils. The relative decline in the effect of nitrate of soda 
and the complete fertilizer, however, is small, being from 35 to 24 for 
the former and 49 to 40 for the latter. 
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TABLE VIII. —Weight of plants on the untreated soil and the percentage increase in arowth 
produced by lime, a complete fertilizer with lime, a complete fertilizer, manure, and cow- 
pea vines with lime. 





State. 


Locality. 











North Carolina... 
North Carolina. - 


North Carolina. . 
Wareiniane 226. = 
Im@ianayeee= ne 


Georgia..... ee 


Georeigasee see. 





Georeilaeeceseeos eh 
ay CAIIGS Eras ak Saye 


NOW Sess eee ee 


Georgia eer ees 


GeOrsio===es se. 
Georgia........ 


WO\wile see 
Georgiges- 2s. 2cs: 
GeOnPidscccsoc me ce 


Georgia... : 
North Carolina. - 





North Carolina. . 


South Carolina..- 
Georsigeeestere se 
LOWS oe 


North Carolina. . 
North Carolina - -| 
IWOUISIaNas soe 
South Carolina... 
South Carolina... 
HM OMWials sonnet 
WOUISTANIS ee 


Mississippi........ 
Georsiaieeeeeerel 


North Carolina. -| 
South Carolina... 
Ml OTIGd as sane 
Mississippi.....- 


MEK ASEM scree ed 





New Hanover 
County. 

New Hanover 
County. 

Iredell test farm... 

Louisa County. .-.- 

Newton County. - - 


WayCross area... - 
Waycross area... - 


Waycross area... - 


Waycross area... - 


.| Waycross area... - 


Waycross area... - 


Waycross area__- - 
WayCross area.._ - 


Mario nie ae 


.| Waycross area... - 


New Hanover 
County.. 
MaTGbOLos4se-e see. 


Lee County. .._--- 


., Chowan County. - 


Lee County-..-.-- 


.| Caddo Parish. -..- 


Tippecanoe 
County. 
Cherokee County-.- 
Waycross area... - 
Blackhawk 
County. 
Edgecombe... ..--- 


Rinehunst-ee-soo- 
Caddo Parish. --... 


York County- ---..| 


Cherokee County... 


Caddo Parish. --.. 
Lee County. .-.--. 
Pontotoc area...- 
Waycross area... - 


Raleightess.2s ose. 
Rusk County .-.-- 
Cherokee County.. 
Escambia County 
Montgomery 
County. 

| Rusk County....- 
Rusk County ....- 


Portage County. 


/ 





















































Weight Increase attributable to— 
of 
Soil plants, | 
3 me | 
treated Ta.) IN RK SEN RP Ke | Me | CvL. 
soil | | 
Grams. | P. ct IPAs || JPG = CGiwacte 
Norfolk sand.....- 4.1 66 154 151 | 254 144 
12)O) 18 1h Si em, CO) ol tA 1a 3.0 70 173 110 230 
fine sand. 
Ceciliclay2 == sees. 4.5 45 105 WO Olea sae 
Cecilloames=ses= AR ie efit 153 102 | 63°) 158 
ea tere eee iae emer 4.4 14 70 100 | 40. 18 
Portsmouth fine 5.2 92 153 90 | 219 | 175 
sand. } j } 
Norfolk fine sandy 3.9 64 105 86 | 150 | 176 
loam. 
Norfolk sandy loam 6.5 35 100 | 85 | 109 109 
Wisconsin drift TU 1 TEA Sana ee 82 = 86ul aan oee 
(poor). 
Portsmouth fine 5.2 29 117 ! 77 | 150 148 
sand. 
Norfolk fine sand... - 6.1 34 84 74 | 102 107 
Norfolk fine sandy Ce) 40 89 73 | 113 113 
loam. 
Kam Santi Seee see 5.9 6 42 73 DAN est eee 
Norfolk sand.. aD 64 109 72 | 124 118 
porusmeubh fine ayy |) FAD) 75 71 | 64 109 
sand. 
Orangeburg sandy A°8>\ = 12 69 69 | 37 60 
loam. 
PCS tye ee ees Sa 75 97 69 | 47 72 
Orangeburg clay .- -- 9.1 20 55 67 | 49 39 
Norfolk fine sandy 7.5 21 64 65, 105 62 
loam. 
Norfolk sandy loam.) 7.0 0 57 64 | 103 94 
Norfolk fine sand... - 6.4 16 70 63 | 94 | 37 
Norfolk fine sandy 3.0 | 1 70 63 | 38 78 
loam. | 
Norfolk sandy loam. (bul 19 87 63 | 61 164 
Portsmouth silt 4.5 19 57 62 | 46 74 
loam. 
Norfolk sand....-.- 6.8 57 103 62 | 107 160 
Norfolk fine sand ... 5.3 9 74 59; 28 80 
Miami silt loam..-. 5.6 17 35 58 | 71 30 
Cecil sandy loam.... 6.9 4 65 58 |} 71 | 5 
Norfolk sand......- 5.6 20 121 57 | 114 132 
NOW ana Tihtea =o 9.0 SON eee 57 69" SFo5ss 
} 
Norfolk fine sandy 4.8 25 | Flt 56 OOM eoeees 
loam. 
Portsmouth sand... - 4.8 26 46 56 | 41 45 
Norfolk fine sand . 5.4 39 80} 56] 92 98 
Cecil sand... 3.9 8 be | 54] 90 60 
Cecil fine sand. y 5.9 29 68 52) | SS88nl e123 
loam. 
Wisconsin drift Co Cie ea a 52 ATS. Sse 
(good). 
Norfolk fine sand . 33, 71 41 113 51 | 146 195 
Norfolk coarse sand. 58 5 70 | 50.| 59 101 
Lufkin silt loam....- 5.4 63 56 | XO S¥/ 78 
Norfolk fine sand -.. 6.0 27 32 | 50 | 113 107 
Cecil sandy loam.... 4.1 52 103 49 |} 53 54 
Norfolk fine sand ... 8.5 21 55 49 | 8&6 48 
Cecil sil loam: - -..- 6.6 39 56 48 |} 81 74 
Norfolk fine sandy 33h |] BXD 130 48 | 90 136 
loam. 
Orangeburg fine bE: 24 64 | 48 | 60 60 
sandy loam. 
| Norfolik fine sandy 6.1 40 | 41 48 | 48 80 
loam. | 
Caddo fine sandy 8.2 7 47 47 | 61 57 
| loam. 
MMC esac aah (er 23 41 | 47) 51 16 
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Tasie VIII. = Weight of plants on the untreated soil and the percentage increase in 
growth produced by lime, etc.—Continued. 





Weight Increase attributable ig 
0 = (iene. 
5 ; eae i T 
State. Locality. | Soil. Rents | | 
3 J 4 IN PK i 
| eodited L. | NPE: | NPK.| M. | CvL. 
soil. 
[DET PS LE ee = SSS —_—. ; Lat Lprew 








} 
Grams. | P.ct.| Pct. Pp. ct. \P ct.) PS ek 



































Rlgnds 2-2 == 3 Escambia County | Norfolk sand....... 5.9 24 55| 46| 94| 97 
Alabama........ Lee County....... | Norfolk sandy loam. 6.1 11 64 | 46 | 42 104 
Mississippi .-...-- Pontotoc County. Orangeburg Clay ... 6.6 — 3 47 45] 18 32 
labeler - 2% 2s. Lee County....... | Cecil sandy loam ... 5.6 13 52 ah E'S 1 re 
New York....... eae Coun- | Dunkirk clay loam... 405 20" tees 42| 33 54 
IA 
North Carolina..| Union County....| Silt loam........... 4.6 4 51 me). SRL ee 
Kentucky....--- Mee rgcken Coun- | Memphis silt loam. - 5.0 18 48 42) 70 2 
y 
a ee San Marcos area..| Crawford silt clay... 8.8 | 24 46 42] 56 11 
Arkansas........ Prairie County -. -, Acadia silt loam... 7.4 23 48 41] 31 | 38 
Waexad se Sar 2. Rusk County... . | Orangeburg fine 7.5 8 60 40 | 80 68 
sand. | 
Wisconsin. -...-- Portage County -| Miami sand........ 6.0 7 43 39 | 80 | —4 
Arikcansase. soo. = Prairie County -..| Waverly silt loam... 6.5 61 55 38 | 38 54 
MURS ITED S22 Louisa County..-. py eeuEn sandy 7.5 | 9 35 36] 31 —12 
oam. 
Tennessee.....-- Wee Coun- | Lexington silt loam. 7.5 5 57 36 | 72 | 17 
| 
Louisiana......- Caddo Parishes. >= | Caddo fine sandy 4.4) 18 52 36 | 20 | 186 
i) loam: == - 
exas seo ts ie o: Rusk County..... | Norfolk fine sand.. 8.6 10 26 36] 61 37 
exdgis 5 ese! Rusk County .._-- | Orangeburg fine 9.2 13 39 | 36 | 68 53 
sandy loam. 
Wisconsin. ...... Portage County -) Marshall sand...... 8.4 11 8 | 35 | 34 3 
NCW OTK ee ean avese ee astute Se | Volusia ‘silt loam. - . 4.8 15 62 | SOT Ol eee eee 
South Carolina .| Cherakee County.) Cecil clay........... 7.4 44); 35] 42 12 
Alabama......-- Lee County.._.... Norfolk sand.....:- 4.7 50 135 | 35 | 108%) 143 
Louisiana -...-..- | Caddo Parish. .... Norfolk fine sandy 7.9 56; 35] 18 47 
loam. 
Meas 223/28: _ San Marcos area..| Houston black clay. (00) Ae 42 | 35 | 10 38 
North Carolina.. Statesville....._.- Iredell clay loam.. 5.2) —1 28 | Sate Goe ae 
South Carolina. i York County-.... Cecil sandy loam... 7.0 33 41 | 34 | 76 58 
eB IS fo. Sei Rusk County..... Caddo fine sandy 8.1 17 36) 34] 62 40 
loam 
Louisiana....... | Caddo Parish..... Norfolk fine sandy 5.6 28 B4| 33] 54| 52 
loam. 
Meas. 2/4. se Is San Marcos area..| Blanco loam....._.. 8.7 20 3 hl eames (ae 37 
iD) 0} ¢ (6 (eee ee oo sees Coun- | Norfolk fine sandy 5.5 45 82 32 | 32 85 
y loam. 
Louisiana....... | Caddo Parishe::. - ; Orangeburg fine 5:0 0 44 321" 34 96 
| sandy loam. 
New Jersey.....: Woodbine.......- Norfolk fine sandy 6.5 7 31 32] 28 | 42 
loam. 
Rhode Island... ; Kone Stones. Miami silt loam -... 3.6 133 PUY 31} 39 | SANS 
Wimening; = 525): 2.2 _ Louisa County....| Cecil sandy loam... 7.2 5 39 30°}. 25 57 
WIEPPINNIS es. 5s | Hanover County. .| Norfolk sandy loam i ativan lige | 47 30 | 44 —8 
North Carolina..| Wake County _...| Tobacco soil........ 4.7 11 16 30 - 
UNS cs Re aa | San Marcos area..| Houston black clay. 7.9 15 21 30] 30 42 
North Carolina... New Hanover | Norfolk fine sandy 7.3 8 31 29} 57 34 
County loam. 
Missouri: ... 2.2. Beorlant County. -| Shelby silt loam. .--! 9.6 11 28 28 | 69 30 
New-Y¥ ork... 1. Geneseo? 222222 -- Dunkirk clay loam . 8.9 19 22 28 | 17 28 
Mississippi ...... Pontotoc area ....}| Lufkin clay.........| 6.4 6 31 28 9 48 
Louisiana ....... Caddo Parish. .... Orangeburg fine 5.0 12 15 28} 114; 124 
sand. 
Arkansas so. 2: Prairie County ...| Waverly silt loam. . 5.0 104 150 28} 10 132 
Wep.<: ae Rusk County. ..-. Norfolk fine sand... 7.8 3 60 28 | 103 69 
Pennsylvania... - we ntgomery | Chester loam....... 7.8 4 33 at | wis 8 
7 ounty. 
South Carolina. -.| Cherokee County .| Iredell clay loam... . 9.1 14 | 42 27 | 36 7 
Arkansas... -...- | Prairie County -..| Crowley silt loam... 7.0 43 71 27 | 64 80 
BTKANSRS feo). 22 Prairie County ...| Acadia silt loam.... 11.2 12 33 27 | 46 27 
South Carolina ..| St. Matthews. ..-- | Orangeburg sandy | 11.8 19 | 28 26 | 25 17 
loam. ; 
New York--..... Binghamton] Wabash loam.....-.- 10. 6 10 15 26} 31 10 
County. c : 
Mississippi- ---- - | Pontotoc County. eee sandy 7.6 6 39 26 | 25] 24 
oam 
PASTAS eo 22 Prairie County --..| Calhoun clay--.-..- 8.3 18 27 26 4 13 
GMO SCAS See os Se 52 ' Rusk County. ..-. Orangeburg fine 9.2 12 37 26 | 37 66 
sandy loam. a 
North Carolina..! Biltmore......... Porters clay........ 12.4) 31 26 25! 61 24 
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TaBLe VIII.—Weight of plants on the untreated soil and the percentage increase in 
growth produced by lime, etc.—Continued. 
























































Weight Increase attributable to— 
of - 
| 
tate. Locality. Soil. peat, | 
treated L. | NPKG.| NPK | M. | Cv. 
soil. 
Cons || 125 Gis\| J2z5Ge5 || JE G7, Ee ot. ‘PAGE 
GeoTgias.\.- 4-142 Waycross area ---| Norfolk sandy loam 5.0 | — 9 43 25| 54 42 
INV IMS Sosceoe Lee County. .....- Norfolk coarse sand 6. 4 22 23 Py 2883 41 
MlinoIssa see Manitossss 5-22-25. Mule kes et cea 9. 4 7 33 25 | 45 51 
North Carolina..| Blantyre--...---- Porters sandy loam. 4.5 43 22 24) 61 31 
Georgigeeeneseee Waycross area ..-| Norfolk sand..-.... 6.1 34 55 24 | 77 || 65 
Georgiae ose <i Waycross area - -- nour fine sandy 7.9 22 35 24 96 67 
oam. 
ERE Keys wtoprs sca Nacogdoches.-..-.- Orangeburg fine 8.8 16 24 24) 56 15 
sandy loam. : 
ING wi VOrkeh oe Oss Be Sitcte oterts sane see Volusia silt loam. - - 6.6 8 15 Pi) TE 13 
MOKASS< ae eaeoeee San Marcos area.-| Crawford silt clay .. 9.2 4 31 23 | 4 34 
Waisconsine=e.=- Portage County .-| Miami stony sand- - 9.9 | — 3 19 22) Al 8 
Hiorid gece scence Escambia County | Norfolk sand.....-. th2 29 23 22) 166%) 65 
Mississippi----- - Montgomery |} Lintonia loam...... 8.5 24 16 22 | 30 | 48 
County. | 
Reals ssa ee San Marcos area..| Crawford silt clay -- 9.2 20 42 22} 40 52 
ilinolseeee Pulaski County..-.| Red silt loam....--- 7.0 16 38 22a) 20 45 
Louisiana.-..-.-- Caddo Parish.....| Orangeburg _ fine 7.4 20 28 PHN 1159 28 
sand. 
New York-=-= .--- With acasseeen a. ee Volusia silt loam... 5.4 9 32 ZOE Eero 29 
New Jersey... -- NVioodbinels=---e- Norfolk sandy loam 6.0 2 17 20 | 25 14 
OWiale Secetocan ss MAING S22 hae eee ee IMIG kee so ep ee ce L51O3| —1# (aoe 2s ace 20) 1.64 | 28 e 
North Carolina. .| Asheville......-.. Rortersiclayean-s---- 5.8 10 53 19 9 16 
Aa Damas = esa Perry County -...}| Orangeburg clay - .. 10.3 16 30 19 | 32 26 
Louisiana..-.--- Caddo; Parish=.22- Miller fine sand..... 5.8 22 34 19 | 81 48 
MOK ASE sey Poe ere San Marcos area..| Houston black clay. 8.1 6 26 195) 25 32 
South Carolina..-) York County.--.. Iredell clay loam -.. le 3 17 18 | 51 19 
ATKANSAS = eee Prairie County --.-| Acadia silt loam...-- 9.0 | —11 4] 18 | 32 21 
Mexastts see: San Marcos area.-.| Houston black clay. 8.9 5 23 17 8 | 23 
indianassss= eee Newton County .-| Marshall loam....--- 7.6 22 21 IQ ab — ee 34 
Mlabamaeerasao- Lee County......- Cecil sandy loam -..- 8.6 10 28 LOE eee 58 
Louisiana...-.-- Caddo Parish....-| Orangeburg _ fine 6.5 7 15 15} 20 26 
sandy loam. 
FAK SA Se Sere oe Prairie County. -.| Acadia silt loam. --.- lee. 14 37 15 7 16 
Georeiaeeeee se: Waycross area ...| Norfolk fine sand... 7.4 6 25 14 | 28 36 
Mississippi-.---- Pontotoe County-} Monroe silt loam .-. 8.0 9 18 14} 29 39 
Ges booteaaese Nacogdoches. .-.- Orangeburg clay --- 8.6 4 5 14} 29 5 
MERA SES eit crates sii Palestine> ==. =-.- Orangeburg fine 11.4 | —15 9 14| 37 43 
sandy loam. 
Mississippi---.-- ae ntgomery | Memphis silt loam.. 7.0 13 17 14) 36 40 
ounty. 
Ohionse sees Westville area....| Miami clay loam..-- 6.1 7 11 13) 15 45 
Pennsylvania..... Montgomery | Pennsilt loam-.----| 12.3 | — 8 4 13 | 24 36 
County. 
Mississippi....-- Montgomery |} Memphis silt loam... 8.6 6 9 13 6 34 
County. 
Indiana ses ar. Tip pecanoe|] Marshall silt loam -.-| (ech || eel 6 12 | —2 4 
County. 
New York....-.-.- Tompkins County| Dunkirk loam....-- | 8.4) —7 11 12 | 46 0 
Wabamateeaeec- Perry County...-.}| Orangeburg sandy | 8.1 21 17 1} |i / 20 
loam. | 
MISSISSIPpie==eee Montgomery | Memphis silt loam.. | 10. 2 | 1 20 12} 18 28 
County. 
ING ws MORK Tompkins County | Dunkirk clay loam.. 9.0 | —14 12 TEE Gs SE 
New, Yiork=t. 2 /=- Tompkins County| Miami stony loam.. 9.6 0 7 11 | 36 26 
Blorida see Escambia County} Portsmouth sand .-. 8.3 48 48 sag 35 
Hloridames ss seaee Escambia County | Norfolk sand.....-. 5. 4 46 74 11} 83 107 
lori daeesesse= Escambia County] Norfolk fine sandy 8.4 35 14 11 | 32 51 
loam. 
Meas es Sie San Antonio..... Houston black clay 5.8 11 19 1O 5 los eas 
loam. 
Pennsylvania....| Montgomery | Hagerstown loam. . 10.3 6 23 9| 20 29 
County. 
Louisiana... -..- Caddo Parish..... Caddo fine sandy 8.8 8 14 9 6 41 
loam. 
Louisiana....... Caddo Parish.._.- Norfolk fine sandy 8.7 0 30 9 9 25 
loam. 
MOXOS ees ci cise Rusk County...-.- Susquehanna fine 7.0 | —11 26 9| 29 56 
sandy loam. 
ORION See hae Westerville area_.| Miami black clay 8.3 1 11 8 | 22 
loam. 
Mississippi... ..- Montgomery | Memphis silt loam.. 11.2 0 —3 8 5 





County. 
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TasLe VIII.—Weight of plants on the untreated soil and the percentage increase in 
growth produced by lime, etc.—Continued. 











State. Locality. Soil. 
Louisiana....... Caddo Parish..-.... Caddo fine sandy | 
loam. 
Missouri... ..-...* Crawford County-| Clarksville silt loam | 
Pennsylvania..... Montgomery | Lansdale silt loam. - 
County. 
NewY OL: ...--~ Binghamton, Dunkirk gravelly 
area. loam. 
Arkansas... - =.=. Prairie County...) Crowley silt loam... 
MMGIaNa.= . s- | Tippecanoe | Marshallloam...... 
County. 
New York..2..: . GenessO 222822305. Dunkirk cla; loam. .| 
Wisconsin. 2: Portage County.. Marshall gravelly 
lo:m. 
Louisiana......- Caddo Parish..... Caddo fine sandy | 
- loam. 
WHSCONSING = 2.5. Portage County.. Miami sand7 loam. _) 
WHSCOnSIN'=< .--—- Portage County.. Portage silt loam...! 
Missouri... ..-/.. Crawiord County. Clarksville stony 
loam. 
ATKANSAS.-~.--./. Prairie County.--, Crowley silt loam... 
WISCONSIN = 2 =. 25: Portage County.-.| Portage silt loam... 
WewsY ork <2: .... Binghamton area.) Dunkirk gravelly 
sandy loam. 
Mississippi... --- Montgomery Co..| Memphis silt loam... 
Louisiana....:.. _ Caddo Parish ...-| Miller fine sand-.._-. 
ATKANSAS = =... =. | Prairie County-.--.| Crowley silt leam-.-.| 
AAT KANSAS... 2... : | Prairie County.-.-| Morse clay...-.....- 
MISSOUTI += 22:5. - Crawford County.| Wabash silt loam... 
Louisiana....... | Caddo Parish ...- pga alo fine sandy | 
oam. 
Arkansas: .2::.-< 2 Prairie County ...| Morse clay.....-...: 
ISERANSAS. 22. Prairie County ...| Waverly silt loam... 
irdiana fo) S- =. | Newton County. -| Marshall fine sandy 


North Carolina.. Statesville.......- 
Ohi ] 


0 Re Sees eeapeeeae | Westerville area -.- 

Mississippi.....- | Montgomery 
County. 

CUD Ss! ae Strongsville... ..- 
LU 0) ere Clinton County... 
EECAMSAS. 3. = =. Prairie County ...- 
tndiana —..-...-- Newton County. . 
PRERAS SSS) S imGalvestone 525.5 








loam. , 
Cecil clay (good).--- 
Miami loam 
Memphis silt loam. . 


Miami clay loam.... 
Marion silt loam....- 
Morse clay 
Clyde fine sand 
Galreston clay 





RELATIVE EFFICIENCY OF ORGANIC 


























| Weight Increase attributable to— 
of |——— —— —-- 
plants 
un- L. |NPKL.!|NPK.| M. | CvI 
treated 4 A af ks ¢ id = 
soil 
Grams. P. ct. Ps ct. | P.ct.|\P.cts P.ct. 
6.0 19 | 16 | Bi hewe 23 
6.6| 14] 1 7| 43| © 32 
99) 19| 17 | ri D 30 
10.6 | — 3 —l1 |} fe ae — 9 
[ier wet pen Ge aol 7| 19 38 
ea eae 7 6.42.23 
Li AR line 0 5| 17 21 
faite ters 2 | 3 4| 36 14 
| 5.0 8 | 72 4| 44| 148 
9.0 4 | 21 3| 29 12 
10.0} « 5| 10 Sh at 10 
1446}—3/ —2 3|-10|} 13 
10.1 2 5 3 7) 9 
8.7 9 4 1| 42] .—14 
6.6 26 27 1| 29 69 
10:64 16 J j=4 6 
TBA a dS 16 1| 43 36 
8.1] 46 33 0} 18 42 
a ates =e o| 6 22 
7.6 0 > (eee fal (ees: 24 
96] 6 hy as 1 
10:8.b2 02 Oe 4 9 
maori. Tere g ia ES 41 
| 6.3 | —i2 SL 2) BO) eae 
8.8 | Brie ene =. 9 hig s 
8.6 2 | 7 ea et 15 
9.5} — 5) Pht Seis oS ll 
ee ee: an hfe se ag. Tages 
| ToT | 1S eB AR eles 
ata Oe foi A aE Sh S| 5 | 4 
| 12) 60\e——1ea ee i ea es -S ee e 
Rs OT EIS hea al teh 31 
| | | 
AND CHEMICAL MANURES. 


An examination of Table VIII shows further the efficiency of 
manure and cowpea vines with lime as compared with a complete 


fertilizer with and without lime. 


In the majority of instances the 


manure or cowpea vines with lime, or both, have proved superior 
A careful analysis of the results shows that 
manure and cowpea vines with lime nearly tie for first rank, while 
the complete fertilizer with lime ranks third, and without lime 


to the mineral fertilizers. 


becomes fourth, or last. 


The relative 


number of times that each 


treatment ranks first on the basis of 100 for the whole is: Manure, 
39; cowpea vines with lime, 39; complete fertilizer with lime, 16, 
and complete fertilizer alone, 6. 
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RELATIVE EFFICIENCY OF ALL SALTS AND COMBINATIONS WHEN SOILS 
ARE GROUPED ACCORDING TO EFFICIENCY OF PKN. 


Table IX is an aggregation of the results in Table VIII and the 
results for the same soils in Table III and gives the average per- 
centage increase in growth attributable to each ingredient and com- 
bination of ingredients for groups of soils in which the efficiency of 
a combination of nitrate, potash, and phosphate was within certain 
limits as given in the second column of the table. It also gives the 
average green weight of plants grown on the untreated soil for each 
of the groups as well as the weight produced by a complete fertilizer 
and the weight produced by the best average treatment for each 
eroup which in eight instances is attributable to cowpea vines 
with lime and in three instances to manure. 

The efficiency of the single fertilizers, phosphate, potash, lime and 
nitrate, with a few exceptions increase in the order named, the phos- 
phate being least effective and the nitrate most effective. In the 
group of soils for which the efficiency of a complete fertilizer is 
60 to 69 per cent, potash outranks lime by 1 per cent, and in the fol- 
lowing group it becomes identical with lime. In the last two groups 
in the table lime outranks the nitrate as well as potash and phosphate. 
A comparison of the efficiency of the several combinations of fer- 
tilizer salts and lime gives the order of efficiency that would be 
expected from a study of the relative efficiency of the same salts 
used separately. With a few exceptions, however, the efficiency of 
the various combinations is a little less than the aggregate efficiency 
of the same salts when used separately. These exceptions are 
mostly with the combination of potash and nitrate (XN), which in 
six out of eleven groups gives a larger percentage increase in growth 
than the aggregate of the same ingredients used separately. The 
efliciency order of the combinations, beginning with the smallest, 
is phosphate-potash (PK), phosphate-nitrate (PN), potash-nitrate 
(KN), phosphate-potash-nitrate (PKN), and phosphate-potash- 
nitrate-lime (PKNL). In the four lowest groups of the table, how- 
ever, the potash-nitrate (KN) combination outranks the complete 
fertilizer without lime. A comparison of the most efficient fertilizer 
treatment, viz, that of the three fertilizing salts and lime, with the 
results obtained with manure and with cowpea vines and lime shows 
only four groups in which the fertilizer with lime. outranks the 
manure and no instances in which the cowpea vines with lime have 
failed to outrank the fertilizer with lime. Of the eleven groups, 
cowpea vines with lime rank first eight timesand manure three times. 

In the last three columns is given the average green weight of 
plants on the untreated soil, with a complete fertilizer, and with the 
best average treatment, for each of the eleven groups of soil. It is 
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noticeable that as there is a regular decrease in the efliciency of the 
fertilizers there is a corresponding regular increase in the weight 
of plants produced on the untreated soil. In other words, the lower 
the producing capacity of the soils the greater their response to fer- 
tilizers. The decrease in the efficiency of a complete fertilizer with- 
out lime is nearly inversely proportional to the increase in the weight 
of plants so that the weight of plants produced by the same fertilizer 
for any group of soils approaches a constant. The same is essentially 
true for the best average treatment with a tendency toward the 
largest plants on the poorer soils, as shown by the maximum weights 
of plants for the second and third groups from the top of the table 
under heading of best treatment. 


TABLE IX.—Average effect of fertilizer salts and combinations by groups according to the 
efficency of PK.N, also average weight of plants on untreated soil, average weight when 
treated with PK N, and average weight with best fertilizer treatment. 
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RELATIVE EFFICIENCY OF SALTS WHEN USED ALONE AND IN 
COMBINATION. 


In these tests as shown in Table III, beginning on page 15, each 
of the three salts, acid phosphate, sulphate of potash, and nitrate 
of soda, has been used separately and in three combinations, thus 
giving four observations relative to the increase in growth pro- 
duced by each. For lime there are two observations, while for 
manure and cowpea vines and lime there is only one observation 
each. While it is disputed ground as to whether the efficiency of a 
fertilizer salt should be measured by using it alone or by combining 
it with all other elements in which the soil may be deficient, many 
experimenters have adopted the combination as the most reliable 
means. It seems probable, however, that theoretical considerations, 
rather than observed results, have led to the adoption of such a 
system, the idea being that if the soil is deficient in two or more 
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ingredients the full benefits of any one of them can not be obtained 
in the absence of a sufficiency of the others. While such reasoning 
seems logical it is not always supported by facts, as may be seen by 
a study of Table ITV. Here there are only 20 soils out of 190 in 
which this seems to be noticeably true, while there is a much larger 
number, viz, 50 soils, in which the efficiency of the ingredients used 
separately is much more marked than when used in combination, 
and this in spite of the fact that all three of them produce quite 
marked results. Indeed, when we calculate the average efficiency 
of the ingredients for all soils we find that each is slightly more 
efficient when used alone than when in combination with one or 
more other ingredients. 

As an average of many field tests on various crops and in numerous 
localities the conclusion is that the efficiency of a fertilizer ingredient 
is about equally as marked whether used alone or in combination — 
with one or more other ingredients. On the less productive soils the 
tendency is toward a better effect from the ingredient when in com- 
bination with other ingredients which are also beneficial. On better 
soils the tendency is in the other direction. For many individual 
soils this tendency is as marked under field conditions as it is in the 
pots. 

Numerous bulletins of the Alabama agricultural experiment station 
report the results of fertilizer tests that were conducted at intervals 
during the years 1889 to 1900. Of such tests 156 were cooperative 
experiments with cotton and were carried on in 53 of the 67 counties 
of the State. The fertilizer materials used per acre consisted of nitro- 
gen derived from 90 pounds of sulphate of ammonia or 96 pounds of 
nitrate of soda or 200 pounds of cotton-seed meal, potash derived 
from 150 or 200 pounds of kainit or 64 pounds of muriate of potash, 
and phosphorus derived from 195 or 200 pounds of dissolved bone- 
black or 240 pounds of acid phosphate. The three classes of fertilizer 
were used separately and the three were also combined, each ingre- 
dient entering into the combination in the same amount as when 
used alone. The results are reported in pounds of seed cotton per 
acre over and above that produced when no fertilizer was used, and 
the data for each of the three fertilizers when used alone and in com- 
bination are complete for 134 tests. The aggregate increase attrib- 
uted to the three fertilizers when used separately was 443.2 pounds of 
seed cotton per acre, as compared with an average of 444.7 pounds 
increasé per acre when the same ingredients were combined. 

Table X shows the percentage increase in growth attributable to 
each ingredient when used separately, as compared with the calcu- 





4See tabulated results on corn in * Results in Field Experiments with Various 
Fertilizers,’ by Prof. W. O. Atwater, Ph. D., U. S. Dept. Agr., 1883. 
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lated increase where it occurs in the several combinations. The 
results are for each of the four ingredients, lime, nitrate, potash, and 
phosphate, and are the averages for each of the 25 areas given in 


Table III. As an illustration of how the results are calculated, take 


the average results of the five soils from Cherokee County,S.C. Nitrate 
alone gave an increase of 40 per cent. Nitrate and phosphate pro- 
duced an increase of 36 per cent, or 40 per cent more than phosphate 
alone, while nitrate and potash produced 49 per cent, or 42 per cent 
more than potash alone. The average effect for nitrogen in these 
two combinations is therefore 41 per cent and is entered in the second 
column under nitrogen. As NP=36 and NK=49, by addition 
(2N)PK=85. However, PK =3, so by difference we have 2N =82 
or N=41, which is entered in the third column under nitrogen. 
NPK =44 and since PK =3, N in the NPK combination produced an 
increase of 41 per cent. The four values each for potash and phos- 
phate and the two values for lime are obtained in the same manner. 
For this area the efficiency of the several ingredients is very uniform, 
the range of variation for nitrate, potash, and phosphate being only 
1 per cent, while for lime the difference between the two observations 
is 7 percent. Since the results in Table X are based upon the average 
of all soils from each area the variation in the efficiency of the ingre- 
dients as they occur in the various combinations is not marked. By 
making the same calculations for each of the soils, however, many of 
them show a marked variation in the efficiency of the ingredients as 
they occur in the several combinations, a difference far too great to 
be attributable to error of observation, which by actual test has been 
found not to exceed plus or minus 5 per cent. Where the variation 
in the efficiency of a fertilizer ingredient, as it occurs alone and in 
several combinations, exceeds the limit of error in observatiois as 
above stated, such portion of the variation as exceeds that limit must 
be attributable to its association with the other ingredients. Just as 
in a solution of several salts the presence of one may increase or 
decrease the solubility of others, so in the soil the addition of one 
ingredient may increase or decrease the effectiveness of another. It 
has already been shown that for quite a number of soils the effect of 
three ingredients combined is no better than for one of them and that 
one ingredient may be substituted for another with equally good 
effect. See Table VI, page 30. On the other hand, there are many 
soils in which the effect attributable to a combination of three ferti- 
lizer ingredients is two or three times greater than the aggregate effect 
of the same ingredients when used separately. See latter portion of 
Table IV, page 26. 

The variation in the efficiency of a fertilizer ingredient as used sep- 
arately and in several combinations bears no consistent relation to the 
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efficiency of the ingredients with which it is associated or to the effi- 
ciency of the combination as.a whole. If nitrate of soda produces an 
increase in growth which equals or exceeds that produced when it is 
associated with potash and phosphate, as is frequently shown in 
Table IV, page 26, we would theoretically expect little or no effect from 
either potash or phosphate when used alone on the same soils. Con- 
trary to this theory, however, we find that, with an occasional excep- 
tion, both potash and phosphate are markedly efficient on these soils. 
On the other hand, if nitrate of soda produces little or no increase as 
compared with a fair to good increase obtained when it is combined 
with potash and phosphate, as is frequently shown in the latter por- 
tion of Table IV, we should expect to obtain fair to good results from 
potash or phosphate when used alone’on the same soils. But what do 
we find? Usually little or no effect from potash, and a negative effect 
from the phosphate. Table V, page 30, which is a condensation of 
the results in Table IV, shows up this relationship in a striking man- 
ner. In that table is given the average percentage increase in 
growth attributable to each of three ingredients and their combination 
for groups of soils in which the aggregate effect of the ingredients dif- 
fers within certain limits from that obtained when they are used in 
combination. It will be noticed that there is a more or less regular 
and parallel decline in the efficiency of each of the ingredients when 
used separately, from a maximum of 37, 49, and 64 per cent for 
phosphate, potash, and nitrate to a minimum of — 18, —5, and 2 for the 
same ingredients, respectively. Notwithstanding this marked de- 
cline in the efficiency of the ingredients when used separately, the 
efficiency for the three ingredients combined is essentially as:marked 
at the end of the series as at the beginning, the average etfect for the 
first and last groups being 52 and 53 per cent, respectively. The 
aggregate effect of the three ingredients used separately is 150 and—8 
per cent for the same groups. (See Table V, p. 30.) 
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TABLE X.- Percentage increase in growth attributable to each fertilizer salt and lime, when 
used alone und when used in various combinations, as calculated by the difference method. 
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RELATION OF FERTILIZER REQUIREMENTS TO CHARACTER OF SOILS. 


That soils vary greatly in their crop-producing capacity and in the 
degree to which they respond to fertilizers under field conditions -has 
long been known as a result of experience and also as a result of care- 
fully recorded field tests. This marked difference in the degree to 
which various soils respond to fertilizer treatments is the most strik- 
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Fia. 1.—Percentage increase in growth of plants attributable to various fertilizer treatments of five 
principal soil types of the Waycross area, Georgia. 


ing feature manifested in the results recorded in the preceding tables. 
It has also been long contended that there is a relation between the 
origin and the character of the soil and the character of the fertilizer 
that would be required to produce good results. It is doubtful, how- 
ever, if such a claim can be substantiated by observed facts over a 
large territory. It certainly is not borne out by the results obtained 
on the 220 soils here reported, except in case of the muck soils which 
uniformly respond to potash. In fact, the character of the fertilizer 
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required for the same types or series of soils, as found in widely sep- 
arated areas or localities, and as shown by these results, varies more 
than that required for different types and series when they occur in 
the same area or locality. In illustration of this point, five soils from 
Waycross, Ga., tested in triplicate, show a marked uniformity in the 
character of their manurial requirements, regardless of the fact that 
they represent five types and two soil series. The same soils in 
Escambia County, Fla., show manurial requirements of a very differ- 
ent character. (See Table III, p. 15, and figs. 1 and 2.) 

In the Waycross area nitrate of soda is much more effective than 
sulphate of potash, and while lime is decidedly beneficial it is not 
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Fic. 2.—Percentage increase in growth of plants, attributable to various fertilizer treatments for 
soil of the Waycross area, Georgia, and Escambia County, Fla. 


equal to nitrate of soda. In Escambia County sulphate of potash is 
nearly as efficient as nitrate of soda, and lime is about twice as effect- 
ive as the three fertilizer ingredients combined. These differences 
are based on average results for the two areas, and notwithstanding 
that the soils are of the same type, series, and formation, they show as 
marked differences in the character of fertilizer required as will be 
found between any of the areas, even when the soil types are entirely 
different. 

A Cecil sandy loam from Raleigh, N. C., was markedly improved by 
each of the three fertilizer salts, and also by lime, the increased 
growth of plants obtained when all of these ingredients were com- 
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bined being 103 per cent. The same soil type from Lee County, Ala., 
as a result of tests on two samples, gave no response to either potash or 
phosphate, but produced a fair increase in growth as a result of nitrate 
of soda and also for lime, the maximum increase being 40 per cent 
where all three fertilizer salts were used in conjunction with lime. 


(See Table III, p. 15.) 
RELATIVE EFFICIENCY OF FERTILIZERS BY LOCALITY. 


In comparing the relative efficiency of the fertilizer ingredients, it 
is found that in the vast majority of instances nitrate of soda ranks 
first and lime second. ‘This is especially true in the southern areas, 
where fertilizers are most extensively used. In the Central and North- 
ern States, where the efficiency is less marked, there are quite a num- 
ber of instances in which potash or phosphate outranks the lime or 
nitrate, although on an average the nitrate holds first rank and lime 
second. Sulphate of potash ranks next to lime. while acid phosphate 
having the lowest value, has in numerous instances shown a slightly 
negative effect. 

With soils from the States of Wisconsin, Iowa, Missouri, Jllinois, 
Indiana, Ohio, New York, and Pennsylvania the response to commer- 
cial fertilizers has been moderate, slight, or in many instances almost 
imperceptible. On those soils, also, organic manures, in the form of 
cowpea vines or stable manure, have been very much more effective 
than the chemical ones, the mean relative increase attributable to 
manure being nearly three times that for a complete fertilizer with 
lime, i. e., barnyard manure gave an average increase of 38 per cent, 
while the complete fertilizer with lime gave an average increase of 
only 13 percent. (See Table XI, from which the averages were com- 
puted.) In these States lime alone seldom showed a marked effect. 
While the tests for these States are insufficient in number to represent 
all soil types and conditions, yet the results are in conformity with 
the general practices of the vast majority of farmers of these sections, 
who as a rule do not purchase commercial fertilizers for use in the 
growing of general farm crops, but who for the most part recognize 
the high value of barnyard manure and generally utilize all that is pro- 
duced on the farm. 

In the Atlantic and Gulf Coast States, including Kentucky, Tennes- 
see, and Arkansas, for which a larger number of observations have 
been made and where most of the important soil types have been 
tested, the soils, with few exceptions, respond in a marked degree to 
commercial fertilizers and lime, and while cowpea vines and stable 
manure are on an average somewhat superior to commercial fertilizers, 
the differences between the relative value of these materials is small, 
being 54.7 and 58.6 per cent increase in growth for commercial fertil- 
izers and manure, respectively, as compared with 13 and 38 per cent 
for the same materials in the former group of States. (See Table XI, 


COMPARATIVE FERTILITY OF SOILS. 47 


from which these averages were computed.) In other words, the 
commercial fertilizers and lime are more than four times as effective 
on soils of the Altantic and Gulf Coast States as they are on those of 
the North Central States, including New York and Pennsylvania, 
while manure, when compared on the same soils, is only a half better 
on the soils from the former States. In this respect the results are 
again in conformity with the practices in the Atlantic and Gulf Coast 
States, where the bulk of the commercial fertilizers are used. 


COMPARATIVE FERTILITY OF SOILS. 


Another point brought out in the tables is the relative fertility or 
crop-ylelding capacity of the untreated soils. Under the prevailing 
condition of crops and climate in the field, marked differences in this 
respect exist, some of the better soils showing a crop-producing 
capacity four or five times as great as that of the poorer ones. In 
these tests, where all soils are put into excellent physical condition 
and where moisture and temperature are always favorable, these dif- 
ferences are less marked but nevertheless exist to a considerable 
degree, as may be seen by comparing the actual weight of plants 
grown on the untreated soils. The average growth of plants on 
untreated soils from the North-Central States, including New York 
and Pennsylvania, is 28 per cent greater than the average of those 
from the Atlantic and Gulf Coast States. This difference in the initial 
crop-producing capacity of the soils from the two sections as indicated 
in the pots is sufficient to make the actual increase in growth from the 
stable manure nearly as great from one section as from the other. 


TaBLE XI.—/Jncrease in growth attributable to complete fertilizer with lime and manure; 
and proportionate cost of fertilizer to value of crops as obtained from Census, 1900. 
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RELATIVE RESPONSE TO FERTILIZERS AND EXPENDITURES FOR FER- 
-TILIZERS. 


In Table XI, where the average percentage increase in growth 
attributable to the complete fertilizer and lime is given for each area 
and arranged in an ascending series, there is also given the average 
percentage increase attributable to stable manure for the same soils 
as well as the expenditure for commercial fertilizers for the same 
areas or counties. The expenditure for fertilizers in the area is 
expressed in percentage of the valuation of products other than those 
fed to live stock and is computed from statistics reported in the 
United States Census for the year 1900. 

This table, besides showing the relative response to the chemical 
fertilizer and stable manure, which was discussed in preceding pages, 
also brings out the relation between the response to a complete ferti- 
lizer and lime, as obtained by the paraffin pot test, and the expendi- 
ture for fertilizer in each county or area expressed in percentage of the 
valuation of crops produced. 

The table is separated into two portions, the first portion embracing 
13 areas or counties in which the increase in growth attributed to a 
complete fertilizer and lime ranges from 0 to 40 per cent, and the 
second portion embracing 12 areas or counties in which the increased 
erowth for the same treatment ranges from 41 to 107 per cent. In 
the first portion of the table there are no localities where the valuation 
of commercial fertilizer used equals 4 per cent of the value of the 
products grown, while in the second portion there are only four locali- 
ties where it does not exceed such percentage. In the first portion 
of the table where the response to the fertilizer with lime does not 
exceed 40 per cent there are only three localities where the cost of 
fertilizer actually used in 1900 exceeded 1 per cent of the valuation 
of the crop grown. These exceptions are in New York and Penn- 
sylvania, in areas where special crops probably receive more attention 
than in the others. The one in Pennsylvania was immediately 
about Philadelphia. Their nearness to both the great produce and 
fertilizer markets is also a factor tending to the more extensive use 
of fertilizers. 

Of the four counties in the second portion of the table in which the 
cost of fertilizers used does not exceed 4 per cent of the value of crops 
grown, McCracken County, Ky., and Henderson County, Tenn., are 
each represented by only one sample. If better represented, they 
would probably fall in the first portion of the table, as indicated by 
the small amount of fertilizer used. The remaining two counties are 
Caddo Parish, La., and Rusk County, Tex., in each of which cases but 
little commercial fertilizer is used, though they are grouped in the 
second portion of the table as a result of their response to fertilizers in 
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the pot test. In these two counties the soils were well represented by 
the samples tested, and the results indicate that the moderate use of 
commercial fertilizer might prove profitable. There are other factors, 
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Fic. 3.—Percentage gain in plant growth attributable to each of the salts P, K, N, and L when used 
alone. 


however, besides the comparative response to fertilizers which are 
concerned in their profitable use. Low value of land, long distance 
from markets and seat of supplies, including fertilizer, would all tend 
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toward the unprofitable use of fertilizers. _In Rusk County, Tex., and 
Caddo Parish, La., a few farmers have begun the use of commercial 
fertilizers and find them profitable. 


AVERAGE EFFICIENCY OF FERTILIZER SALTS, BY LOCALITY. 


Figure 3 shows graphically the percentage increase in growth 
attributable to each of the fertilizer salts and lime when used sepa- 
rately, and is based on the average for all soils of each area as given in 
Table X on page 43. The areas are arranged. in an ascending series 
according to the aggregate increase from all ingredients, which ranges 
from a minimum of only 9 per cent for the Westerville area, Ohio, to a 
maximum of 140 per cent for New Hanover County, N.C. The range 
in the efficiency of the individual salts is also marked, the increase 
attributable to nitrate of soda varying from 4 per cent in several of 
the areas in the upper part of the diagram to 65 per cent in New Han- 
over County, N. C., and that for lime varying from a slightly negative 
result for Newton County, Ind., to an increase of 52 per cent for 
Escambia County, Fla., with somewhat lesser variations for potash 
and phosphorus. In the majority of the areas the efficiency of the 
three fertilizer ingredients and lime assume the same order. In 16 of | 
the 25 areas, nitrate of soda was the dominant salt, while lime was 
dominant in 3 and potash in 3 of the areas. In 14 areas out of 25 
lime ranks second in efficiency. In the States of Indiana, Missouri, 
Pennsylvania, and Virginia potash seems to have been relatively — 
more effective than elsewhere. In the Arkansas and Florida areas 
lime is largely responsible for their position in the series, and in both 
of them nitrate of soda holds a relatively low rank. 


TaBLE XII.— Average percentage increase in growth for all fertilizers and combinations, 
by soil series. 
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TaBLe XIII.—Percentage increase in growth attributable to each fertilizer salt and to 
lime when used alone, as compared with its calculated effect when used in various com- 
+ binations. Averages for each of six series and Muck. 
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COMPARATIVE EFFICIENCY OF FERTILIZERS, BY SOIL SERIES. 


Table XII gives the average percentage increase in growth attribu- 
table to each fertilizer salt and combination of salts, by soil series, 
using only those in which the treatments were uniform and complete. 
No series were used where less than 5 samples were available, except 
in the case of Muck, in which only 4 samples were used. 

Table XIII gives the percentage increase in growth attributable to 
each of the three fertilizer ingredients and lime, as compared with 
their effect when used in the combinations, the efficiency in the com- 
binations being calculated by the difference method previously 
explained. These two tables show that the relative efficiency of the 
three salts and lime is essentially the same for all the soil series 
except the Muck. The range of efficiency of the complete fertilizer 
with lime is very marked, varying from a maximum of 96 per cent 
for the Portsmouth series to only 8 per cent for the Marshall series. 
It is noticeable that barnyard manure is relatively much more efficient 
for the Marshall and Miami series than for the others. 

Figure 4 shows graphically the average relative percentage eflect- 
iveness of the three fertilizer ingredients and lime by series when used 
separately, as given in Table XIII. The variation in the aggregate 
effectiveness of the three salts and lime for the several series is nearly 
as great as when the soils were grouped by localities. It is evident, 
however, that the serial grouping is, to some extent, a locality group- 
ing also, the Marshall and Miami series, which are the least responsive 
to the commercial fertilizers, occurring only in those States in which 
fertilizers are but little used, while the Portsmouth and Norfolk series 
are confined wholly to the Atlantic seaboard, where fertilizers are 
most extensively used. While there is a marked difference in the 
ageregate effectiveness of the three salts and lime on different series, 
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ranging from a minimum of 29 per cent for the Miami series to a 
maximum of 115 per cent for the Portsmouth series, broadly speaking 
the relation between the value of the individual ingredients in the 
several series is remarkably uniform, even more so than occurs when 
the soils are considered by areas. The Muck, ‘represented by only 
4 samples, is exceptional, and shows the characteristic importance 
of potash, that mgredient being on the average about as effective as the 
total of lime, nitrogen, and phosphate. This fact is alsoin conformity 
with our field knowledge of Muck and Peat, which are greatly bene- 
fited by applications of potash salts. 
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Fig. 4.—Relative efficiency of fertilizer ingredients by soil series, when the ingredients are used alone. 


TaBLeE XIV.— Average percentage increase in growth attributable to each fertilizer salt and 
lime for soils of the Norfolk, Portsmouth, Orangeburg, and Cecil series when classified 
by texture. 
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_EFFICIENCY OF FERTILIZER AS RELATED TO SOIL TEXTURE. 


Table XIV gives the response to each of the three salts and lime 
when used alone and when in the various combinations for soils of the 
Norfolk, Portsmouth, Cecil, and Orangeburg series when grouped by 
the variation in texture. This grouping of the soil fails to bring out 
any variations in the character of the fertilizer required for the differ- 
ent textures, but it does show in general that the finer the texture of 
the soil, the less marked is the effect of the various fertilizer salts or 
the aggregate effect of them all. 


NATURAL FERTILITY AS RELATED TO RESPONSIVENESS TO FERTILIZERS. 


Another comparison brought out in the general tables is the rela- 
tion between the crop-producing capacity of the untreated soils in the 
pots and their response to fertilizers. In general, the lower the crop 
capacity, the greater the response to fertilizers or manure, and vice 
versa. 

Table XV shows the average effectiveness of a complete fertilizer 
and lime on soils arranged in groups according to the weight of plants 
grown when untreated, and it is shown that there is a gradual and 


consistent decrease in the effect of the treatment, as the untreated 


soils are capable of producing larger plants. 


TaBLE XV.—Showing decreasing effect of fertilizers with increasing productiveness in 
untreated samples. 
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It is significant that the sandy soils of the Norfolk and Portsmouth 
series, collected from the Southern States where wheat is seldom 
grown, have produced on an average larger and more thrifty wheat 
plants by the application of a complete fertilizer and lime, than have 
been produced by the same or other treatments on soils of the Mar- 
shall or Miami series from Wisconsin, Ohio, Indiana, and New York, 
where wheat does well. This fact is in harmony with the view now 
gaining prevalence, that the variation in the character and composi- 
tion of the mineral matter of soils is of minor importance as regards 
crop adaptation and yielding capacity, except so far as character of 
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material influences condition of the soil in its relation to soil moisture 
and permeability to air, water, and the roots of plants. In other 
words, crop adaptation and crop-producing power depend more upon 
climatic environment and physical condition of the soil than upon soil 
type or the geological formation from which it is derived. The best 
wheat soils or those best suited to peaches or to truck crops are not 
so solely by virtue of the character of the mineral matter of which 
they are composed, but because there are present climatic and soil 
conditions that enable those classes of plants to attain perfection. 

The poorest soils, by proper manipulation and the addition of suit- 
able manure or fertilizer, can be made to produce as large yields in 
the pots as can be procured by the same or other treatments on the 
best soils that occur, and yet such applications have but slightly 
altered the composition of the soil. Such improvement does not 
involve any considerable length of time, but may be brought about 
in a few days or at most a few weeks. This does not mean that it 
would be either feasible or practical to attempt such a radical change 
under field conditions in so short a time. The expense involved 
would not justify the procedure, neither would the soil be able to 
maintain such an ideal condition under the adverse climatic condi- 
tions which might prevail or against the poor systems of farming in 
vogue. The improvement of soil conditions in the field becomes a 
purely business proposition in which the expense involved must not 
exceed probable returns. 

Important in this connection is the assembling and association of 
all those factors that will work together for the good of the soil, such 
as the selection of suitable crops, the use of a proper rotation, the 
adoption of catch and winter cover crops, and cultivation of such 
character that.erosion will be reduced to a minimum and the rainfall 
absorbed and retained in ample supply. By such procedure the con- 
dition of a soil will in time become greatly modified and its fertility 
improved. So-called soil robbery is, after all, more properly soll 
mutilation, brought about by the carelessness 4 man. 


FERTILIZERS AND ECONOMY OF WATER IN PLANT GROWTH. 


It has been stated that no attempt will be made to explain how 
fertilizers effect an increase in plant growth, yet there is one point 
which has been established as a result of this investigation of which 
mention should be made. It is the relation between growth, as 
effected by fertilizers, and water transpired by the plants or used in 
the process of their growth. In all of the tests a careful record has 
been kept of the water transpired for each of the 13,000 or more pots. 
As a result of such observations, it has been found that as fertilizers 
increase plant growth, there is a marked diminution in the water 
transpired per unit of growth; or, putting it in the reverse order, 
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there is a marked increase in growth for a unit of water used, and 
such increase becomes greater as the fertilizers are more effective. 
As a result of computations for twenty soils taken at random, it was 
found that the percentage increase in growth for a unit of water used 
equaled, approximately, one-half of the total increase in growth 
resulting from the fertilizer treatments. 

Figure 5 gives the average results for 20 soils and shows not only 
the gain in growth following the fertilizer treatments, but also shows 
the associated increase in growth per unit of water transpired. 
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growth transpua 
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Fie. 5.—Percentage increase in growth of plants attributable to fertilizer and accompanying increase 
per unit of water transpired. Average of 20 soils. 


Excepting lime, in the presence of which transpiration remains 
nearly normal, the different fertilizer constituents show no marked 
variation in respect to this phenomenon. Lime frequently produces 
an increase in growth and yet the plants maintain practically the 
same rate of transpiration per unit of growth as that observed for the 
untreated soil. 

In a few miscellaneous tests, where the different forms of potash 
were tried, it was found that kainit and muriate of potash decreased 
the rate of transpiration per unit of growth, as compared with sul- 
phate of potash. 


56 FERTILITY OF SOILS AS AFFECTED BY MANURES. 


While these observations have no economic significance in the 
pots where moisture content is always ample, they may be of con- 
siderable importance in relation to the use of fertilizers in the field 
and explain, in part, the benefits derived therefrom. It frequently 
happens, owing to scanty rainfall, or a low water-holding capacity 
of the soil, that the available water supply is the limiting factor in 
crop yields. Where such conditions exist, and they occur frequently 
in all parts of the country, the presence of a fertilizer which would 
enable the crop to economize:in its water consumption would be of 
considerable importance and might, as pointed out above, enable 
the crop to make a marked increase in growth despite the limited 
water supply. | 

SUMMARY. 


The paraffin-pot method of testing the manurial requirements of | 
soils, used in these investigations, while not designed to supersede 
field tests, is admirably adapted to an investigation of this kind and 
is very useful as a method of indicating what fertilizers should be used 
in the field. 

The results obtained in the pots with the various ingredients are 
relatively the same as those obtained in the field, but may differ in 
degree. This is true of all ingredients commonly used except the 
phosphates, which give a relatively lower effect in the pots than the 
others. The absolute effect is usually greater in the field than in the 
pots and phosphates may frequently be economically used where 
their benefits are not indicated by the pots. 

The results obtained in the pots generally agree with the fertilizer 
practices in the various sections from which the soils were secured. 
In the North Central States, where but little commercial fertilizer is 
used, and where the main dependence is placed upon barnyard 
manure, the pot tests show manure to be three times as efficient as the 
fertilizer. In the Atlantic seaboard and Gulf Coast States, where but 
little manure is available, and where the main dependence is upon com- 
mercial fertilizers, the manure as tested in the pots has .been only 
slightly superior to the fertilizers. Muck, quite generally recognized 
as in need of potash in the field, has shown that ingredient to be 
nearly as efficient as lime, nitrate, and phosphate combined, as deter- 
mined by the pot tests. | 

Transpiration, while a good indicator of the relative growth of 
plants when under like conditions, usually gives a range of lesser 
magnitude than the variation by green weights. 

The green weight of plants grown for about twenty-five days in the 
pots occasionally equals or exceeds 1 per cent of the weight of the soil 
in which they grew. Such plants contain about 85 per cent of water 
and transpire approximately 100 grams of water for each gram of 
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green matter produced. The dry matter of such plants is richer in 





mineral constituents and nitrogen than that of the same plants if 
matured. The draft on the water and mineral constituents of the soil 
under these conditions is greater than that occasioned by the removal 
of a large and matured crop under field conditions. 

As an average of all tests, the organic manures have outranked the 
chemical ones. Barnyard manure and cowpea vines with lime tie for 
first rank. The three chemical salts with lime rank third and the 
same salts without lime rank fourth. 

Of the combinations of chemical salts the order of efficiency is as 
follows: The three salts with lime, first; three salts alone, second; 
potash and nitrate, third; phosphate and nitrate, fourth, and phos- 
phate and potash, fifth. 

Of the salts used individually the order is nitrate, lime, potash, and 
phosphate; nitrate being the most efficient and phosphate the least 
efficient. 

As an average result of all tests, nitrate of soda has produced a 
marked increase in growth which has not been further increased by 
the addition of acid phosphate. Potash has produced a moderate 
increase in growth and when supplemented by nitrate the effect has 
been slightly less than the aggregate of these two ingredients when 
used separately. The efficiency of the combination of nitrate and 
potash has not been appreciably improved by the addition of phos- 
phate. 

Lime alone has generally produced a marked increase in growth and 
has usually increased the efficiency of a complete fertilizer. There 
is but little evidence that the benefits derived from lime are due to 
beneficial action on nitrification. 

_ Soils vary greatly in crop-producing capacity as found under field 
conditions. Part of such variation is due to physical condition and 
consequent relation to water, and is largely overcome in the pots. 
After these conditions are largely equalized in the pots marked differ- 
ences in crop-yielding capacity still exist to such an extent that good 
soils may produce four or five times as large a growth as that produced 
on very poor soils under the same conditions. By the application of 
suitable manures or fertilizers these differences are overcome, and in 
the pots the poorest soils when treated with suitable substances 
become as productive as the best ones. 

Soils vary greatly in the degree to which they respond to commer- 
cial fertilizers, lime, manure, and green manure. In general, the 
degree of response varies inversely as the crop-yielding capacity and 
ranges from zero to several hundred per cent. The soils of the At- 
lantic and Gylf Coast States are much more responsive than those 
of the Central and Northern States. 
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In 60 per cent of the soils here tested, each fertilizer salt appears 
to have a special function, so far as it influences the growth of plants, 
which is not materially modified by the addition or withholding of 
the other salts. In 29 per cent of the soils the functions of the 
several salts, as affecting the growth of plants, are more or less inter- 
changeable, there being quite a number of instances when each salt 
used alone gave as large an increase in growth as was secured: by com- | 
_ bining three of them. In 11 per cent of the soils each salt not only 
has a distinct function, but_it is dependent upon the presence of 
others for its fullest effect as shown by a much greater efficiency 
when used in combination than when used alone. There is no ap- 
parent relation either by soil type or by locality to this grouping of 
the soils. 

The variation in the efficiency of a fertilizer salt as used alone and 
in combination with various other salts bears no consistent relation 
to the efficiency of the associated salts or to the efficiency of the 
combination as a whole. 

In the pots, as an average of all tests, the aggregate efficiency of 
the several salts when used separately is slightly greater than when 
the same salts are used in combination. Under field conditions, as 
an average of many tests, the aggregate of individuals is the same 
as when “eat in pontine Ga. Individual soils show wide variation 
in respect to this point. 

The character of fertilizer indicated for a specific soil type as it 
occurs in widely separated localities usually varies more than that 
for very different types when in the same locality and subjected to 
similar environment. 

The character of fertilizer indicated for various soil series is essen- 
tially the same, although the response to such a fertilizer varies 
greatly. 

In general, the finer the texture of soils the less ieee are 
they to fertilizers, although the character of fertilizer indicated 
remains the same. 

With few exceptions the character of fertilizer required for soils 
depends more upon local conditions and practices than it does upon 
the type of soil or the geological formation to which it belongs. 
The Muck soils are an exception and show a universal response to 
potash salts. 

The condition of the soil is of greater importance than its chemicsl 
composition. 

Without materially changing the composition of the soil, poor 
soils by proper manipulation and suitable applications can be made 
to produce as large crops in the pots as can be grown on the best 
soils by the same or other treatments. 
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Fertilizers when effective aid plants to economize in the use of 
- water. 

_ In conclusion it may be said that the crop-yielding capacity of 
soils is increased by improving their physical condition and by sup- 
plying manures or fertilizers. Frequently both are necessary, and 
the latter may assist the former. By the employment of both meth- 
ods poor soils may become as productive as the best ones. There is 
but little to indicate any relation between the formation and char 
acter of the soil and character of fertilizer to which it will respond. 
Usually soils of a limited locality, where climatic condition and farm 
practices are uniform, show but little difference in the character of 
fertilizer required, although the degree of response may vary greatly 
for different fields, making their use profitable in some instances and 
unprofitable in others. Except in the most general way, the ferti- 
lizer requirement of soils becomes a problem for each farm or for 
each class of farms under like conditions of soil, climate, and system 
of cropping and fertilization. The indications are that fertilizers 
containing relatively more potash and nitrogen than do those now 
in general use would prove more effective. This conclusion (to 
which exception might be taken by some because of the fact that 
phosphates are known to be economically used on some soils that 
fail to respond to that salt in the pots) is not based alone on the 
result of this investigation, but upon the tendency of the more pro- 
gressive planters to use a higher grade fertilizer, 1. e., one contaiming 
relatively more nitrogen and potash than that used in the past. 
Lime has proved quite generally beneficial, being on an average more 
effective than both potash and phosphate. 
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